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100 Complicated Math 
Problems-Per-Minute 
Are Solved For Him 
AUTOMATICALLY! 


As jet-powered planes streak to new altitudes and 
speeds, they undergo split-second changes in 
temperature, pressure and moisture conditions. 
These changes create a flood of amazingly com- 
plex fuel metering problems. Adding to the com- 
plication are the pilot’s changing demands from 


his engine. 


Solving these fuel metering problems is equiva- 
lent to solving one hundred computations every 
60 seconds! The Holley Turbine Control was 


developed to do the job. 


Manufacturing the Holley Turbine Control re- 
quired highly specialized skills, too. Working to 
extreme tolerances, Holley’s manufacturing divi- 
sion has produced precision turbine controls for 


thousands of the nation’s jet engines. 


ARE YOU WONDERING... 


How to do a good job of fuel metering 


better? Let Holley engineers listen, test, 


design, and recommend. 
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THE GREATEST 


Latest model of the famed Douglas DC-6, the DC-6B 
represents the ultimate in this series of great, four-engine air 
transports. It was the DC-6B which flew 5700 miles from 
Los Angeles to Paris last May in 20 hours to complete 

the longest non-stop flight ever made by a commercial airliner. 
The superior performance of this airplane under all 
conditions and its acceptance by the flying public have 


established it as an outstanding profit-maker. SERIES 


“Queen of the Fleet” on these leading airlines of the world is the famous Douglas DC-6 or DC-6B 


AA Argentine « *AIGLE AZUR French * ALITALIA Italian * AMERICAN U.S. * ANA Australian * BCPA Australian New Zealand « BRANIFF U.S 
CMA Mexican *CGTA-AA French CONTINENTAL U.S. CPAL Canadian DELTA-C&S U.S. *EASTERN U.S. FLYING TIGER U.S 
JAL Japanese * KLM Netherlands LAI Italian * *LAN Chilean « NATIONAL U.S. * *NORTH AMERICAN U.S. * NORTHWEST U.S. + PAL Philipp 
PANAGRA u.s. « PAN AMERICAN u. S. « SABENA Belgian * SAS Danish Norwegian Swedish * SLICK U.S. * SWISSAIR Swiss 
TAI French UAT French UNITED U.S. WESTERN U.S. *Soon 


TWICE AS MANY PEOPLE FLY 
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1.A.S. News Notes 


March 1954 


SECOND EDITION OF VOCATIONAL GUIDANCE MANUAL 


The 1954 edition of 'A Guide to the Engineering Professions in the 
Aviation Industries,'' is now ready for distribution. Revisions, taking 
into account changes in the aeronautical picture since the original publi- 
cationin 1953, have been made. Several sections of the booklet have also 
been expanded, and corrections and adjustments in the text were made 
where necessary, particularly with regard tosalary ranges for engineer- 
ing personnel, 

As before, the manual will be made available to educational centers, 
vocational counselors, IAS members, IAS Sections, and Student Branches, 
and others interested in diretting qualified students toward a career in 
aeronautical engineering. 

Individual requests for the booklet will be filledfree of charge. For 
bulk orders running into high numbers, a charge of $0.15 per copy will 
be made. 

Requests for the publication should be directed to the New York 
office of the IAS. 


KK KOK 


WEST COAST FOURTH ANNUAL STUDENT CONFERENCE 


May 6, 7, and 8 have been setas the dates for the West Coast Student 
Conference which will be held in Los Angeles. Plans for the three-day 
program are not being finalized by the Student Activities Committee and 
will be announced shortly. 


KOK KOK KOK 
NECROLOGY 


Noel Warner (Jeff) Bouley, MIAS, Assistant Chief Engineer, San Diego 
Division, Consolidated Vultee Aircraft Corporation, January 24. 

Lt. Richard L. Morgan, USAF, TMIAS, on January 7. 

Volney C. Finch, MIAS, Professor of Mechanical Engineering, Stanford 
University, on November 9. 


KK KK KK KK KK 


NATIONAL MEETINGS CALENDAR 


March 12 Flight Propulsion Meeting, Hotel Carter, Cleveland. (Closed) 
June 21-24 Annual Summer Meeting,IAS Building, 7660 Beverly Blvd., 
Los Angeles, California. 

Aug. 9-11 Turbine Powered Air Transportation Meeting,Seattle, Wash. 


* RK KK KK KK 


1.A.S. News Notes (con’t.) 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 


Mar. 


Apr. 


Apr. 


CALENDAR OF SECTION MEETINGS 


3-- Philadelphia Section: Engineers Clubof Philadelphia. Dinner, 
7:00 p.m. ; Meeting, 8:00p.m. ''The Thermal Barrier" by Dr. 
Nicholas J. Hoff, Head, Department of Aeronautical Engineer - 
ing, Polytechnic Institute of Brooklyn. 

10--Niagara Frontier Section (formerly Buffalo Section: Tonnewanta 
Veteran's Club (Braunschidel American Legion Post), 3354 
Delaware Ave. , Kenmore, N.Y. Meeting, 8:00 p.m. "Comet-- 
Special Design and Development Features" by Robert L. Mc- 
Intyre, of The de Havilland Aircraft of Canada, Ltd. Lecture 
to be illustrated with film. 

11--Los Angeles Section: IAS Building. Specialist Meeting, 7:30 
p.m. "A Review of Slender Body Theory--Wings, Bodies, and 
Wing-Body Combinations" by Dr. MacC. Adams, Aerodynamics 
Group, Santa Monica Division, Douglas Aircraft Company, Inc, 

18--Los Angeles Section: IAS Building. Confidential, Social hour, 
6:00 p.m.; Dinner, 7:00 p.m.; and Meeting, 8:15 p.m. "The 
MIG-15" by Major Gen. Albert O. Boyd, USAF, Commanding 
General, WADC. 

23--Los Angeles Section: IAS Building, Specialist Meeting, 7:30 
p.m, "Plastics inthe Aircraft Industry" by Dr. W. E. Braham, 
of Zenith Plastics Company. 

24--Chicago Section: Museum ofScienceandIndustry. Dinner, 6:30 
p.m.; Meeting, 7:30 p.m. Symposium on the development of 
design and performance of aircraft, Names of participating 
speakers not known at press time. This is the Annual Student 
Meeting, arranged by Student Members, 

24--Hagerstown Section: PacketRoom, Terrace Restaurant, Meet- 
ing, 8:00 p.m. Thomas J. Harris, Manager, Cargo Sales, 
American Airlines, Inc,, to speak on commercial air-cargo 
potentialities. 

24--St, Louis Section: Engineers Club, Meeting, 8:00p.m. '"Super- 
sonic Aerodynamics" and ''The Thermal Barrier" to be dis- 
cussed, Names of speakers not known at press time, 

6-- Boston Section: Faculty Club, Massachusetts Institute of Tech- 
nology. Dinner, 6:30 p.m.; Meeting, 8:15 p.m. "Development 
of High-Speed Water-Based Aircraft" by Ernest G, Stout, Staff 
Engineer, Consolidated Vultee Aircraft Corporation. Lecture 
to be illustrated with slides and film, 

8-- Los Angeles Section: IAS Building. Specialist Meeting, 7:30 
p.m, "Miniaturization of Electronic Circuits and Components 


as used in Aircraft" by Dr. Samuel G, Lutz, of Hughes Aircraft 
Company. 
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IAS News 


A Record of Pesple 
of Interest to Institute Members 


Annual Business Meeting 
of the Institute 


Reports of President, Treasurer, and Director 


ij i Mie TWENTY-SECOND ANNUAL MEETING of the members of the Institute was held 


at the Hotel Astor, New York, on January 27, 1954. 


McCarthy, presided. 

Ernest G. Stout, Teller, reported that 
he had received and counted 1,152 
valid proxies for voting at the Annual 
Meeting—a quorum of the voting mem 
bership. L. B. Richardson, Chairman 
of the Nominating Committee, placed 
in nomination the following members 
for election to vacancies on the Council: 
J. L. Atwood, W. A. M. Burden, V. E. 
Carbonara, J. W. Larson, C. J. Mce- 
Carthy, E. T. Price, Elmer A. Sperry, 
Jr., and E. S. Thompson, for a term of 
l yeareach; P. R. Bassett, M. G. Beard, 
J. A. Herlihy, E. M. Powers, and R. C. 
Sebold, for a term of 3 years each; 
and the following area councilors for a 
term of 1 year each: Eastern Area 
G. W. Baughman and William M. 
Duke; Central Area—Ralph N. Du- 
Bois and H. F. Waring; Western Area 
J. E. Barfoot and W. T. Immenschuh. 
On motion duly made, seconded, and 
carried, they were unanimously elected. 
The following were nominated and 
elected in like manner to serve on the 
Nominating Committee for 1954: T. P. 
Wright, Chairman; Walter S. Diehl: 
H. L. Dryden; Sherman M. Fairchild; 
C. C. Furnas; Hall L. Hibbard; J. C. 
Hunsaker; and Clark B. Millikan. 

The Annual Reports of the President, 
Treasurer, and Director were read and 
approved. (See the following pages for 
the complete reports.) 

The Secretary presented a list of 
honors conferred by the Institute in 
1953 as follows: 

The Thurman H. Bane Award to 
Benjamin F. Greene, Jr., Air Force 
Cambridge Research Center; The Oc- 
tave Chanute Award to William B. 


The President, Charles J. 
Bridgeman, Engineering Test Pilot, 
Douglas Aircraft Company, Inc.; The 
John Jeffries Award to Capt. Charles 
F. Gell USN (MC), Aviation Medicine 
Acceleration Laboratory, NADC, Johns- 
ville, Pa.; The Robert M. Losey Award 
to Henry T. Harrison, Jr., Chief Mete- 
orologist, United Air Lines, Inc.; The 
Sylvanus Albert Reed Award to Ernest 
G. Stout, Staff Engineer in Charge of 
Hydrodynamic Research and Develop- 
ment, San Diego Division, Consoli- 
dated Vultee Aircraft Corporation; The 
Lawrence Sperry Award to Donald 
Coles, Research Fellow, Jet Propulsion 
Laboratory, California Institute of Tech- 
nology; and the Wright Brothers Lec- 
turer, Glenn L. Martin, who spoke on 
“The First Half-Century of Flight in 
America.”’ 

Honorary Fellowships in the Insti- 
tute to: American—Preston R. Bas- 
sett, President, Sperry Gyroscope Com- 
pany Division, The Sperry Corporation; 


Foreign—Sir William Farren, Technical 
Director, A. V. Roe & Company, Ltd., 
England. 

Fellowships in the Institute to: My- 
ron G. Beard, Chief Engineer, American 
Airlines, Inc.; L. P. Coombes, Chief 
of Aerodynamics, Aeronautical Re- 
search Laboratories, Australia; Fred 
N. Dickerman, Chief Engineer, Chance 
Vought Aircraft, Inc.; Edward M. 
Powers, Vice-President, Engineering, 
Curtiss-Wright Corporation; Perry W. 
Pratt, Chief Engineer, Pratt & Whitney 
Aircraft Division, United Aircraft Cor- 
poration; Norbert E. Rowe, Technical 
Director, Blackburn & General Aircraft 
Ltd., England; Maurice Roy, Director 
of The Office National d’Etudes et de 
Recherches Aeronautiques (O.N.E.R.- 
A.), France; E. E. Sechler, Professor 
of Aerodynamics, California Institute of 
Technology; E. C. Wells, Vice-Presi- 
dent—Engineering, Boeing Airplane 
Company; Carlos Wood, Chief Prelim- 
inary Design Engineer, Santa Monica 
Plant, Douglas Aircraft Company, Inc. 

The Secretary announced that the 
Council had elected the following offi- 
cers of the Institute for 1954:  Presi- 
dent, J. L. Atwood; Vice-Presidents, 
W. A. M. Burden, J. W. Larson, E. T. 
Price, and E. S. Thompson; Director, 
S. Paul Johnston; Treasurer, Elmer A. 
Sperry, Jr.; Secretary, Robert R. 
Dexter; and Controller, Joseph J. 
Maitan. 


ROBERT R. DEXTER 
Secretary 


President’s Report—1953 


N EXAMINATION OF THE Annual 
Reports of the Treasurer and the 
Director which follow will show that 
the Institute has had another successful 
and active year. Again our income has 
exceeded our outgo, and we have been 
able to lay aside a few dollars to help 
us through any “‘lean”’ periods that may 
lie ahead. Several years ago the Coun- 
cil adopted a policy of setting up special 
reserve funds for specific purposes out of 
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any surpluses that may develop from 
year to year. This practice has been 
continued, and, as a result, we now have 
available for future use certain funds to 
help take care of building maintenance, 
modernization of equipment, support of 
future special events (such as our Inter- 
national Conferences), and, most im- 
portant, provision for our employees 
retirement fund. 
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Consistent with our basic mission, 
Institute meetings, publications, and 
other activities continue to be a pri- 
mary source of unclassified technical in- 
formation for our industry. In spite of 
security restrictions, our meetings at all 
levels (national, regional, and local) 
have been maintained at a high stand- 
ard of quality. A good indication is 
the widespread quotation by the gen- 
eral aeronautical press of IAS papers 
and publications. 


Reports from our Western Region 
indicate a very satisfactory level of 
activity throughout. Student confer- 
ences were held during 1954 in four re- 
gions of the United States. 


Gratifying progress has been made 
toward a solution of the economic prob- 
lems at our two facilities in Los Angeles 
and San Diego. Intensive promotion 
of the usage of the Los Angeles building 
during the year has brought it close to 
the “‘break-even”’ point, and it is esti- 
mated that it should show black figures 
for 1954. Substantial progress has been 
made in the reactivation of the San 
Diego facility. There is every reason 
to look forward to a considerable reduc- 
tion in its operating deficit during the 
coming year. 


A number of special events marked 
the passage of 1953. Among them, the 
Institute played an active part in the 
commemoration of the Fiftieth Anni- 
versary of Powered Flight. Outstand- 
ing was the construction and dedica- 
tion (at the Annual Summer Meeting 
Dinner in Los Angeles) of an accurate 
full-scale reproduction of the Kitty 
Hawk “Flyer” of 1903. The project 
was conceived and activated by E. W. 
Robischon, IAS Western Region Man- 
ager, and was carried to completion 
under the direction of A. L. Cleveland, 
of Lockheed. Twenty-five companies 
in the industry contributed material, 
parts, and labor. The machine is now 
on permanent display in our Los Ange- 
les building. 


During the entire vear our libraries, 
both East and West, were kept con- 
stantly busy supplying historical ma- 
terial on the Wright brothers to writers, 
researchers, advertising copy writers, 
and Corporate Members. 


Our part in the Anniversary celebra- 
tion culminated in the reading of the 
Seventeenth Wright Brothers Lecture 
by Past-President Glenn L. Martin 
in Washington on December 17. 


The year was marked also by the 
Fourth International Aeronautical Con- 
ference with The Royal Aeronautical 
Society of Great Britain in London in 
September. IAS members are familiar 
with the results, since the event was 
well covered in both RAeS and IAS pub- 
lications. Suffice to say here that the 


benefits of such periodic meetings have 
been recognized on both sides of the 
Atlantic, and plans are now going for- 
ward for the Fifth Conference to be 
held in Los Angeles in June, 1955. 

Early in 1953 the first edition of the 
Institute’s Vocational Guidance Man- 
ual, ‘“‘A Guide to the Engineering Pro- 
fessions in the Aviation Industries,” 
was published. This project had been 
initiated by Wellwood Beall, IAS Pres- 
ident for 1952. Over 32,000 copies 
were printed, but the demand was such 
that the supply was exhausted by mid- 
summer. Because of the obvious need 
for such a manual, the Council author- 
ized a revision and reprinting, which is 
now being distributed. 

Net long ago a report was presented 
to the Council which brought out a few 
interesting facts about the growth of 
the Institute during the past decade. 
The list is too long for reproduction 
here, but from the overall point of view 
these may be of interest. In the period 
1943 to 1953 our graded membership 
increased almost exactly 100 per cent, 
and our student enrollment over 160 
per cent. Organized Sections grew 
from 10 to 26 (up to 160 per cent), 
and Student Branches went from 49 
to 69 (68 per cent). Annual income 
is not a good index because it varies 
with the health of industry, but it is of 
interest to note that last vear’s was 


about twice that of 1943. Operating 
reserve is more significant. In the 
10-year period, not including specially 
earmarked funds that have been re- 
ceived as gifts, etc., our reserves stand 
at 675 per cent of what they were 10 
years ago. And in spite of the increased 
tempo of activity that such figures 
connote, the operating staff of the In- 
stitute has increased only 16 per cent. 

From these brief ccmparisons the 
conclusion may be safely drawn that 
this organization is carrying out its 
proper role in serving the technical 
needs of the aviation industry. 

I wish to express my sincere thanks 
to the Officers and Council of the Insti- 
tute for their wise counsel and loyal 
support and for the sustained and active 
part they have taken in the affairs of the 
society. 

My thanks go also to members all 
over the country who have presented 
technical papers or contributed in other 
ways to the activities of the society. 

I should like also to express my per- 
sonal thanks to the IAS staff which 
provides for a continuity of our effort 
over the years. 

It is the cumulative effect of the la- 
bors of so many that makes the Institute 
such a vital force for the advancement 
of the aeronautical sciences. 


CHARLES J. McCartuy 
President, 1953 


Treasurer's Report—1953 


ess MOST ACTIVE FISCAL YEAR in 
the Institute’s history ended Sep- 
tember 30, 1953. The gross income 
was $595,129.86 and the net income 
after reserves was $4,045.80. 

The overall increase in income was 
15.2 per cent over the preceding year. 
Expenses (including authorized Re- 
serves) increased 15.9 per cent. The 
cost of meetings, general, annual, and 
international, increased 38.1 per cent, 
which is reflected by better services to 
the membership of the society. It is 
through such interchange of ideas and 
by increased contact with Section 
officers and their committees that the 
IAS is better able to serve the needs of 
the aeronautical industry. 

The conservative policies maintained 
by the Council are reflected by a steady 
financial growth. The President’s and 
Director’s reports show some interesting 
facts concerning the growth of the so 
ciety in the last 10 years. A further 
indication is shown by the following 
comparisons. 

Advertising revenue was 55 per cent 
higher in 1953 than it was in 1943. This 
increased income was partly plowed 


back in the form of more editorial pages, 
an 18 per cent increase on an average 
issue (79 to 93 pages). A further ap 
plication of the theory of plowing back 
earnings into services is shown in the 
average monthly pages published in the 
JOURNAL OF THE AERONAUTICAL SCI 
ENCES. In 1943 the 12-month average 
was 41 pages—in 1953 it was 72 pages, 
an increase in text material of 76 per 
cent. The Catalog has been accepted 
by the industry as one of its most im 
portant buyers’ guides. During the 
past 9 vears it grossed over $300,000. 
The IAS gross income, including the 
first edition of the Catalog, as of Sep 
tember 30 during this 10-year period 
increased 97 per cent and expenses in- 
creased 105 per cent. The reserves and 
net unexpended income have increased 
significantly. These funds have been ac- 
cumulated to provide the membership 
with continued services during a less 
favorable economic environment. It is 
notable that with all activity at least 
doubled, the personnel at headquarters in- 
creased from 43 to 50 or only 16 per cent. 
Among new and improved IAS ac- 
tivities since 1943 are the issuance of 
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INSTITUTE OF THE AERONAUTICAL SCIENCES, INC. 


Statement for the Fiscal Year October 1, 1952, to September 30, 1953 


Consolidated Balance Sheet and Operating Statement 


ASSETS 


Unrestricted 
General Fund: 

Cash on Deposit 
Accounts Receivable—Net 
Advance on Intrafund Accounts 
Deposits and Prepayments 
Furniture and Fixtures 
Investments... 
Books, Prints, Models, Medals, etc 
Aeronautical Index. . 


Total Unrestricted Assets 
Restricted 
Special: 


The Minta Martin Aeronautical Fund. 


Others: 

The Thurman H. Bane 

Award Fund....... $ 150.81 
The Sherman M. Fairchild 

Fund 13,600.29 
The Paul Kollsman Fund 69,000.00 
The Vernon Lynch Award 

Fund 38,444.11 
The Sylvanus Albert Reed 

Award Fund 13,531.90 
The Lawrence Sperry 

Award Fund... 13,440.00 
New York Building Con 

tingency Fund... : 104,525.24 
Los Angeles Building Oper- 

ating Fund. 23 ,697 .72 
Pacific Aeronautical Li 

brary Fund... 17,526.02 
San Diego Building Capital 

and Library Fund.. 3,525.36 
San Diego Building Oper- 

ating Fund... 5,917.85 
The G. M. Giannini Fund 5,000.00 


Total Restricted Assets 


Facilities 
Buildings, Land and Equipment: 
New York... 
Los Angeles ear 
San Diego (land leasehold). 
Total Facilities 


Income: 
Advertising Revenue. 
Dues and Entrance Fees. 
Subscriptions 
Income from Investments 
Miscellaneous. .... 


Expenses: 
Publications 


Salaries (Administrative, Accounting, and Clerical). 


LIABILITIES, RESERVES, AND UNEXPENDED INCOME 
Unrestricted Funds: 


Accounts Payable and Deposits.... $ 69,362.92 


$ 89,834.24 Deferred Credits to Income (Dues and Sub- 
29,408.00 scriptions)....... 108,305.75 
43,840.32 Deferred Income—San Diego Building 23,189.77 
11,255.26 Contingency Reserves. ai 167 ,000.00 
5,000.00 Surplus: 
740,504.91 Balance September 30, 1953.. 551,986.29 
1.00 
1.00 
$919,844.73 Total $919 844.73 


$599 ,011.00 


$308 , 339.30 


$907 ,350.30 Restricted Funds. oe $907 ,350.30 
$220,415.26 
398,741.79 
176,706.11 
$795 , 863.16 Land, Buildings,and Equipment... ... $795,863.16 


Statement of Income & Expenses 


Total Income... $595,129.86 


Employees’ Retirement Fund, Reserves, Social Security, etc 44,373.32 
Travel, Meetings and Reserve Therefore 38,412.70 
Libraries (excluding P.A.L.).... 23 , 883.93 
e Building Maintenance and Reserve for Alterations and Repairs 18,750.58 
Printing, Postage, Telephone, and Telegraph 13,635.48 ia 
Furniture, Fixtures, and Reserve Therefore 10,416.85 
Office Supplies and Expenses, Insurance 10,071.95 
West Coast Offices 8,783.17 
Miscellaneous 2,833.77 
Total Expense. $591,084.06 


Net Unexpended Income . $ 4,045.80 
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the VOCATIONAL GUIDANCE MANUAL, 
an annual ROSTER OF MEMBERS, the 
semimonthly News Letter to Student 
Branch officers and a periodic News 
Letter to Section officers, an automatic 
distribution of technical films from 
our library, Student Branch and Mem- 
bership promotion literature, a Stu- 
dent Branch officers kit of information 
and procedures, the printing of meeting 
notices for Sections, and an increase in 
the number of regional Student meetings. 
Such services account in part for the 
increase in costs and require consider- 
able staff time and effort. 


In October, 1952, the employees be- 
came eligible to participate under the 
Federal Insurance Contributions Act. 
This, together with the Retirement 
Pension Plan, provides employees with 
satisfactory security benefits after age 
65. The plan has resulted in a reduced 
rate of turnover in supervisory and ad- 
ministrative personnel. 


The Finance Committee, acting with 
the Investment Service Department of 
the Chase National Bank, has main- 
tained careful control of the Institute’s 
investments. The general investment 
funds of the IAS have a market value in 
excess of our cost values. 


The Council has reviewed and ap- 
proved the budget for the year 1953- 
1954. 

The Los Angeles Building incurred a 
deficit this year of $1,600 against $21,600 
in receipts. Budget forecasts show a 
slight profit for 1954. The PAL ended 
the year with a net operating income of 
$6,524.94. 

The San Diego Building operation 
cost $5,043.28 for a 9-month period. 
This is a result of reactivating the build- 
ing with immediate straight-line costs 
and no initial income. On the basis of 
current income it is estimated that 
there is a possibility that the San 
Diego building might break even during 
1954. 

Harris, Kerr, Forter & Company, 
Certified Public Accountants, have ex- 
amined the books and records in New 
York, Los Angeles, and San Diego. 
They report that the Balance Sheet 
and related statements of Income and 
Expenses fairly present the financial 
position of the Institute as of Septem- 
ber 30, 1953. <A digest of their report 
is published in this issue 

Any additional details are available 
to members at the national office. 


PRESTON R. BASSETT 
Treasurer 


Director’s Report—1953 


AN CAN BE SEEN in detail from the 
reports of the President and the 
Treasurer, the Institute has had an 
extremely active year and has once 
again ended its fiscal period in the 
black. The continuing success of this 
activity can he credited to the interest 
and attention given to Institute affairs 
by our Council and elected officers and 
to the loyalty and hard work of our 
staff people both in New York and on 
the West Coast. The entire organiza- 
tion labors as a cohesive unit in further- 
ing the interests of our membership and 
in fostering the aims and objectives of 
the society. 


Meetings 


Institute meetings at all levels (na- 
tional, regional, local, and student) 
attained the highest averages yet re- 
corded for attendance and for quality 
of presentation. In spite of the diffi- 
culties imposed by problems of security, 
our Secretary and our program com- 
mittees have maintained a high stand- 
ard of quality in the papers that have 
been selected for our meetings and for 
publication in the JOURNAL and the 
Review. The problem is not simple 
when it is realized that during the calen- 
der year IAS Sections held 237 regular 


meetings and our Student Branches 
319. Each of these meetings required 
at least one prepared paper. Counting 
in the requirements of the Twenty 
First Annual Meeting in January, the 
Seventh Annual Propulsion Meeting in 
Cleveland in March, the Annual Sum- 
mer Meeting in Los Angeles in July, and 
the Fourth International Aeronautical 
Conference in London in September, 
something close to 650 technical papers 
were selected, prepared, and presented 
under Institute auspices. In addition, 
the Historical Associates conducted a 
number of meetings at which papers of 
an historical nature were read. 

One of the most important events of 
the year was the Fourth International 
meeting referred to above and in the 
President’s Report. Discussions are 
under way by the councils of both socie- 
ties leading toward the organization of 
the Fifth International Aeronautical 
Conference in Los Angeles in June, 1955. 


Membership Services 


The policy of strengthening all Sec- 
tion activities was continued. An at- 
tempt has been made to visit all Sections 
(by an officer from the National Office) 
at least once during the course of the 


year. A Section Chairman’s News 


MARCH, 1954 


Letter has been instituted, as well as a 
periodic news letter for Student Branch 
Chairmen. By these means an at- 
tempt is being made to circulate ideas 
and information among Sections and 
Branches and to keep them all posted on 
IAS policies and programs. At the 
Annual Meeting in January (1954) a 
conference was called of all Section 
Chairmen (or their representatives) to 
discuss common problems and to de 
termine how best the National Organ 
ization can help the work in the field. 

One of the aids offered to Sections and 
Branches is an expanded film library 
service. Gabriel Giannini recently 
made a gift to the Institute of $5,000 
for this purpose. The money will be 
used to make more and better technical 
films available to Student Branches in 
particular. 


Membership 


Our membership continues to grow 
at a steady and a satisfactory rate (see 
Table 1). No national membership 
drives or solicitations have been under 
taken. The best source of new mem 
bership is through active Sections and 
intelligent Section activity. At the 
end of the year our 26 Sections had 
an active enrollment of 8,408, approxi- 
mately 87 per cent of our total. This 
is the highest figure in our history—and 
a healthful indication. 


Total membership stands at the high 
est recorded figure. We now have 
9,718 regularly graded members, plus 
2,672 students, for a total of over 
12,000. The breakdown of member- 
ship by grades for the past 3 years is 
shown in Table 1. 


Publications 


Editorially, the JOURNAL continued 
to occupy the top position among aero 
nautical scientific publications. Its con 
tent was maintained at 72 pages per 
issue (or above) throughout the vear 
The Review strengthened its editorial 
position at the end of the year by the 
appointment of editorial committees 
in all fields of its engineering coverage 
to assist its editorial staff in the selec 
tion of material of major interest to its 
readers. 

All Institute publications showed 
gains both in circulation and in earnings 
during the past year. As will be shown 
from the Treasurer’s Report, the RE 
VIEW accounted for a large share of the 
Institute’s surplus for the year. The 
December issue (which commemorated 
the fiftieth Anniversary of Powered 
Flight) contained the second highest 
total of advertising pages in the RE 
viEW's history but grossed more in 
dollars than any other prior issue. Its 
122 advertising pages brought in over 
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TABLE 1 


Membership Breakdown 


Temporary Honorary Members 
Honorary Fellows 
Fellows 
Associate Fellows 
MEMBERS 
Associate Members 
Historical Associate Members 
Technical Members 
Total Graded 8 
Student Members 3 
Totals 1] 


$36,000 in revenue. The gross revenue 
of the Review for the calendar year 
stood at $255,000 or about 24 per cent 
ahead of 1952. 

The AERONAUTICAL ENGINEERING 
CATALOG showed a_ substantial 
gain. Its billings of $47,000 
were about 8 per cent ahead of last 
year. 

The Sherman M. Fairchild Publica- 
tion Fund continued to play an impor 
tant part in the Institute’s publishing 
program during the year. It added to 
its prior list 37 new papers and distrib- 
uted over 9,000 copies of all papers. 

To help commemorate the Fiftieth 
Anniversary of Powered Flight, the 
Chronicle of the Aviation Industry in 
‘merica, compiled by Welman A. 
Shrader, our Director of Publications, 
and published by the Eaton Manufac- 
turing Company, was distributed free of 
charge to all IAS members, Also, 
over 32,000 copies of the First Edition 
of the Institute’s VocATIONAL GUID- 
ANCE MAnuat, ‘‘A Guide to the Engi 
neering Professions in the Aviation In- 
dustries,”’ were printed and distributed. 
A second edition, including some revi- 
sions to bring the material up to date, 
Was prepared by the end of the year and 
will be distributed (also over 30,000) 
early in 1954. 


also 


gross 


Libraries 


Institute libraries on both East and 
West coasts continued to serve the 
needs of our membership, both Corpo- 
rate and individual. The Pacific Aero- 
nautical Library, under the direction 
of Mrs. Nell Steinmetz, has been in- 
creasingly active in its function of sup- 
plying the technical libraries of the 
West coast aviation industry with the 
day-to-day information they need to 
carry on their essential defense effort. 
This important activity is self-support- 
ing, being paid for by direct subscrip- 
tion by the users. Both main libraries 
carried a heavy load during the vear 
because of the demands by members 
and company representatives for ma- 
terial of an historical nature concerning 


Comparisons by Calendar Year 


31/51 12/31/52 12/31/53 
14 18 15 
24 26 28 

183 191 197 

665 699 757 

218 3,511 3,878 

368 399 440 
67 70 74 

, 102 4,238 4,329 

641 9,152 9,718 

, 006 2,796 2,672 

,647 11,948 12,390 


the Wright brothers. ‘The Institute's 
collections of Wright memorabilia were 
used extensively during the year. 

With the return of the IAS Building 
in San Diego to IAS activities, plans 
are afoot to build up the library at that 
facility in order better to serve the 
industry in the vicinity. 


Facilities 


The policy of modernizing all IAS 
facilities during this period of relative 
prosperity has been continued. Not 
only have reserves for the future been 
set up, but worn out or inefficient 
equipment is being retired and _ re- 
placed. For example, fully up-to-date 
projection equipment, both for slides 
and for films, was made available both 
in New York and Los Angeles. Also, 
the Los Angeles kitchen equipment, 
which was found to be inadequate for 
present loads, has been redesigned and 
is being partially replaced. Improve 
ments were made in the San Diego 
building when reactivated which will 
inake it more effective for our purposes. 


General 


Longren Aircraft Joins IAS 


The Longren Aircraft Company, of 
2576 W. Carson St., Torrance, Calif., 
has become a Corporate Member of 
the Institute of the Aeronautical 
Sciences. The company, a prime con- 
tractor and subcontractor in the air- 
craft industry, was founded in Kansas 
City in 1930 and was moved to Cali- 
fornia in 1939. 

Longren has devoted its entire 
energy to the developing of new form- 
ing methods for light metals. It is a 
pioneer in developing new structural 
and metal-forming theories to the 
point where they have become ac- 
cepted as standard industry-wide 
production procedures. 
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Historical Activities 


As mentioned above, the celebration 
of the Fiftieth Anniversary of Powered 
Flight caused considerable activity 
among our Historical Associates. The 
construction and dedication of the 
Wright Reproduction by the Los Ange- 
les Section was in itself a notable achieve- 
ment. 


Our librarians and our Custodian 
of Archives put in many additional 
hours of research during the year. 


Several notable programs on the early 
days of the Wrights were put on by the 
Historical Associates, both East and 
West. 

Following the example set by the 
Western group, an Eastern section 
was organized and a number of meetings 
were held in the New York headquar- 
ters. 


The editorship of AERONAUTICA was 
transferred to the Western Region at 
the first of the year. 


General 


The Western Region Manager, I. W. 
Robischon, was on leave of absence to 
AGARD for 4 months early in the year. 
During this period the activities in the 
region were supervised by frequent 
staff visitations from the National 
Office. 

I should like to take this opportunity 
to express to the staff of the Institute 
my thanks and appreciation for the 
loyal support they have continued to 
give me in carrying out the work of 
this organization. 


S. PAUL JOHNSTON 
Director 


IAS News 


As early as 1932, Longren created a 
full-monocoque stretch-formed fuse- 
lage—from 17 ST aluminum—the 
first of its kind in the country. The 
company took out various patents on 
this type of structure, and after this 
nation’s entry into World War II, it 
made all of its patent rights available 
to the entire aircraft industry at no 
cost. Among the processes covered 
by these patents are (1) a method of 
gripping aluminum sheet with curved 
grippers which makes it possible to 
form certain needed shapes not pro- 
ducible by other means and (2) a sys- 
tem of assembling sheet-metal parts 
which permits internal and external 
components to be prepunched, thus 
eliminating drilling on assembly. 
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1954 AEDC Industry and Edu- 
cational Advisory Board 


The membership of the 1954 Indus- 
try and Educational Advisory Board 
of the Arnold Engineering Develop- 
ment Center, Tullahoma, Tenn., was 
recently announced. The purpose of 
this Board is to review and to submit 
recommendations on all policy mat- 
ters pertaining to the design and con- 
struction of the AEDC, operation of 
the Center, and requirements and 
plans for additional technical facilities. 
The Board’s membership is appointed 
annually by the USAF Chief of Staff 
and is composed of some of the leading 
individuals in the aircraft industry, 
education, and engineering. 


The members of the Board are: 
Edward C. Wells, FIAS, Vice-Presi- 
dent—Engineering, Boeing Airplane 
Company; Neil Burgess, MIAS, Man- 
ager, Development Operations, Air- 
craft Gas Turbine Division, General 
Electric Company; Ronald M. Hazen, 
FIAS, Director of Engineering, Alli- 
son Division, General Motors Cor- 
poration; Prof. J. R. Markham, 
FIAS, Director, Naval Supersonic 
Laboratories, Massachusetts Institute 
of Technology; Paul J. Frizzell, Vice- 
President, Fairchild Engine and Air 
plane Corporation; R. C. Sebold 
AFIAS, Vice-President— Engineering, 
Consolidated Vultee Aircraft Corpora- 
tion; Dr. Harold Von Neufville 
Flinsch, Dean, School of Engineering, 
Mississippi State College; and L. A. 
Hyland, Vice-President, Bendix Avia 
tion Corporation. 


Members appointed as supernumer 
aries are: Edward G. Uhl, MIAS, 
Vice-President—Engineering, The 
Glenn L. Martin Company, and L. E. 
Linde, Executive Vice-President for 
Defense Products, Westinghouse Elec 
tric Corporation. 


Turboprop Test Program 
Announced 


A test program directed toward ob- 
taining operation service test data of 
turboprop-powered aircraft is being 
conducted by the USAF Air Research 
and Development Command, accord- 
ing to a recent announcement. The 
specific objectives of this program are 
(1) to accumulate maximum flying 
time in the minimum elapsed time and 
(2) to acquire knowledge of opera- 
tional techniques for turboprop air- 
craft by establishing a routine opera- 
tion and relying upon standard han- 
dling and service facilities as much as 
possible. The program is also ex- 
pected to establish adequate controls 
for collecting pertinent data on tech- 
nical difficulties, maintenance prob- 


lems, supply consumption, and relia- 
bility in conforming to planned flight 
schedules. 

As part of this turboprop research 
program, seven cargo-carrying aircraft 
(viz., two C-97’s, two C-121’s, one 
C-124, and two C-131’s) are being 
modified. The C-97’s, C-121’s, and 
the C-124 are being outfitted with 
Pratt & Whitney T-34 turboprop en- 
gines by Boeing Airplane Company, 
Lockheed Aircraft Corporation, and 
Douglas Aircraft Company, Inc., re- 
spectively. The two C-131’s are being 
modified with Allison T-56 turboprop 
engines. The first of these modified 


aircraft is expected to be flying the 
early part of this year. 

The aircraft will first undergo tests 
to demonstrate airworthiness and 
suitability of flight. Upon the success 
ful conclusion of this phase of the pro 
gram by ARDC, maintenance experi 
ence, supply requirements, and other 
operation data on these aircraft will be 
secured by the Military Air Transport 
Service and the Strategic Air Command 
through their use in normal operation. 
The results of these tests will be dis- 
seminated throughout the Air Force 
and to commercial aircraft industries 
and air lines. 


Necrology 
James W. Adams 


James Wendell Adams, MIAS, Con 
sulting Engineer in airport construc 
tion, design, and maintenance, suf 
fered a heart attack and died at his 
home on December 15. Funeral 
services were held on December 19. 

Mr. Adains, who was born in Al 
bany, N.Y., on November 15, 1896, 
received a Civil Engineering degree 
from Rensselaer Polytechnic Institute 
in 1925. Between his graduation 
from R.P.I. and 1929, he worked with 
The Foundation Company and with 
the Borough of Mountain Lakes, 
Mountain Lakes, N.] 

In 1929, he began an association 
with Curtiss-Wright Corporation that 
continued until 1945, except for a 14 
month period in 1941-1942 when he 


was with the Airport Development 
Program of Pan American World Air 
ways, Inc. Between 1929 and 1941 
he was with Curtiss-Wright’s Airports 
Division as Chief Engineer, and from 
1942 until 1945 he was with that cor 
poration’s Propeller Division as an 
Engineer with the Defense Plants De 
partment. He resigned from Curtiss 
Wright in 1945 and for the next 2 
years was with McLaughlin-Carr As 
sociates in airport design and con 
struction. He set up his own offices 
as Consulting Engineer about 6 years 
ago. 

Mr. Adams is survived by his wife, 
Iva; two sons, Cpl. James W., Jr., 
USA, and Robert B.; a daughter, 
Carolyn I.; and a brother and sister 


News of Members 


> Ralph F. Baxter (M), Project En 
gineer, Aircraft Division, Rheem 
Manufacturing Company, received the 
American Ordnance  Association’s 
James L. Walsh Memorial Award for 
his paper on “‘A Discussion of the 
Operation and Maintenance Prob 
lems of Complex Weapons.”’ This 
paper was judged to be the best one 
submitted in the recent AOA-spon- 
sored national contest 

p Charles H. Colvin, IAS Fellow and 
Founder Member, has announced the 
incorporation of Colvin Laboratories 
and its new address. Effective the 
first of this year, all operations of Col 
vin Laboratories, Inc., are located at 
364 Glenwood Ave., East Orange, N.J., 
with Mr. Colvin as President and 


General Manager and Julian H. Sano 
as Vice-President and Chief Engineer. 
The telephone number is ORange 
7-1221. The services and products of 
the organization remain the same. 

> Rear Admiral Luis de Florez, USN 
(Ret.) (F), Chairman of the Board, 
The de Florez Company, Inc., was re 
cently named to serve on the Execu 
tive Committee of Flight Safety 
Foundation, Inc. 

p> Frank W. Fink (F), Chief Engineer, 
San Diego Division, Consolidated 
Vultee Aircraft Corporation, is the 
1954 Vice-President—Aircraft of the 
Society of Automotive Engineers. 


(Continued on page 47) 
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DEFLATED 


INFLATED 


Low-pressure seal prevents 
high altitude blowouts 


UBBLE type canopies on fast military 
B planes like North American's Super- 
Sabre had to be safely pressurized at 
altitudes of 8 miles or higher. Ordinary 
inflatable seals between the bubble and 
cockpit would often blow out from the 
effect of low pressures on the outside, 
high pressures on the inside. 


B. F. Goodrich engineers were called 
in on the problem. A really effective 
seal, they believed, should operate with 
low pressure and stretch very little or 
not at all. Less stretch would mean less 
strain. They worked out a seal with a 
U-shaped solid rubber base. A rubber- 


ized fabric diaphragm nested inside the 
base simply /ifts when inflated. (See 
diagram above). It works like blowing 
up a paper bag—low pressure gives full 
expansion with practically no stretch. 
Dangerous stretching of tube wall (like 
blowing up a toy balloon) is eliminated. 

The new inflatable strip seal works 
almost instantly. Even at minus 65° it 
inflates with less pressure than ordinary 
seals needed at room temperature. There 
are other advantages. It resists wear and 
damage better than ordinary seals. It fits 
complex curves better. It seals and 
unseals faster. Sliding wear and scuffing 


are minimized. 

The new B. F. Goodrich seal is now 
in use on more than a dozen makes of 
planes, including latest jet fighters 
and bombers. 

Other B. F. Goodrich products for 
aviation include: tires, wheels and 
brakes; De-Icers; heated rubber; Pres- 
sure Sealing Zippers; fuel cells; Rivnuts; 
accessories. The B. F. Goodrich Com- 
pany, Aeronautical Sales, Akron, Ohio. 


B.E Goodrich 


FIRST IN RUBBER 
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President Vice-President Vice-President 
J. L. Atwood W. A. M. Burden J. W. Larson 
President Partner Chief Engineer 
North American Aviation William A. M. Burden & Convair 
Inc. Company Fort Worth, Tex. 


JAS Officers for 1954 


Staff Officers for 1954 
S. Paul Johnston, Director 


Robert R. Dexter, Secretary Joseph J. Maitan, Controller 
Vice-President Vice-President Treasurer 
E. T. Price E. S. Thompson Elmer A. Sperry, Jr. 
President Manager of Contracts Owner 


Solar Aircraft Company General Electric Company Sperry Products, Inc. 
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Honorary Fellows 
1953 


Honorary Fellows shall be persons 
of eminence in aeronautics and are 
elected by the Fellows and Honorary 
Fellows of the Institute residing in 
the United States. Not more than 
one person residing in the United 
States, nor more than one person 
residing in a foreign country, may 
be elected as Honorary Fellows in 
any one year. 


American Honorary Fellow Foreign Honorary Fellow 


Preston R. Bassett, President, Sperry Sir William Farren, Technica! Director, 
Gyroscope Company Division, A. V. Roe & Company, Ltd., 
The Sperry Corporation England 


Fellowships in the Institute 


Fellows of the Institute of the Aeronautical Sciences shall be those who have 
attained a position of distinction in aeronautics and made notable and valuable 
contributions in one of the aeronautical sciences or aeronautical engineering. 


Presented for 1953 to 


Myron G. Beard L. P. Coombes Fred N. Dickerman E. M. Powers Pony W. Pratt 


Chief Engineer Chief Superintendent Chief Engineer Vice-President—Engrs. Chief Engineer 
American Airlines, Aeronautical Research Labs., Chance Vought Aircraft Curtiss-Wright P. & W. Aircraft Div. 
Inc Australia nc. Corporation United Aircraft Corp. 


Norbert E. Rowe Maurice Roy E. E. Sechler E. C. Wells Carlos Wood 
Technical Director Director, Office National Prof. of Aeronautics Vice-President Chief Prelim. Design Engr. 
Blackburn & General d'Etudes et de Recherches California Institute Engineering Santa Monica Plant 


Aircraft Ltd., England Aeronautiques, France of Technology Boeing Airplane Co. Douglas Aircraft Co., Inc. 
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JAS. Awards end 


Capt. Charles F. Gell (MC), USN, Aviation Medicine 


Acceleration Lab., NADC, Johnsville, Pa. 


The John Jeffries Award 


This award honors the memory of Dr. John Jeffries, an 
American physician, who, with Blanchard, the French bal 
loonist, made the first aerial voyage across the English Chan 
nel in 1785 and on a previous voyage made the earliest re- 
corded scientific observation from the air. This award, which 
has an honorarium of $200, was established by the Institute 
in 1940 to give recognition to the importance to aviation of 
scientific endeavor in the field of medicine. 


Presented to Capt. CHARLES F. GELL (MC), USN 


“For outstanding contributions to.the advance 
ment of aeronautics through medical research.”’ 


Captain Charles F. Gell (MC), USN, has been cited for 
investigations into physiological effects of radial accelera 
tions on man which constitute fundamental contributions to 
the development of aeronautics. The resulting knowledge 
is proving valuable in giving adequate consideration to the 
human factors involved in developing design criteria for high- 
performance aircraft. 

Since being assigned to the Laboratory in 1949, he has con 
tributed in a large measure toward making the Human Cen 
trifuge, located there, a tool for the continued study in the 
field of physiological response to radial accelerations. He has 
devised new experimental techniques that have aided in ob 
taining the greatest use from the centrifuge and other Labora 
tory equipment. One of these techniques is a quick-freeze 
process that permits the distorting effects of high-magnitude 
radial acceleration on small animals to be preserved intact 
for subsequent pathological examination. 

Among other things that Captain Gell has investigated 
have been practical considerations involved in proving the 
potential of aircraft. In this regard, he has pioneered inves 
tigations into the use of the supine position for aircraft pilots 
and has been instrumental in conducting studies both on the 
centrifuge and in aircraft relative to the theoretical and prac 
tical effectiveness of this position. 


Henry T. Harrison, Jr., Chief Meteorologist, United Air 


Lines, Inc. 


The Robert M. Losey Award 


Established in 1940, this award honors the memory of 
Capt. Robert Moffatt Losey, a member of the Institute and 

meteorologic officer of the Air Corps, who was killed at 
Dombas, Norway, April 21, 1940, while serving as an official 
observer for the U.S. Army. He was the first officer in the 
service of the United States to die in World War II. This 
award carries an honorarium of $200. 


Presented to HENRY T. HARRISON, JR. 


“In recognition of outstanding contributions to 
the science of meteorology as applied to aeronautics.” 


Henry T. Harrison, Jr., has long been considered a stabiliz 
ing force in the field of aeronautical meteorology and has con 
tributed greatly to the standard of air-line meteorology in the 
United States. To him is given a large part of the credit for 
the high standard of meteorological performance in the opera 
tion of United Air Lines and in the maintenance of excellent 
safety records. 


Mr. Harrison was one of the air-line meteorologists who as 
early as 1941 identified the pre-cold frontal squall line and 
outlined its characteristics. This concept has been highly 
important in the last year or so in predicting tornadoes and 
other severe local storms of concern to aeronautics. In addi 
tion, he has done excellent work on the subject of hail fore 
casting and has made valuable studies of the jet stream and 
clear air turbulence. 


He has authored numerous articles and reports dealing 
with aeronautical meteorology and has served on various com- 
mittees concerned with meteorological problems in aviation 
A member of the Byrd Antarctic Expedition, he was awarded 
the Congressional Medal for polar exploration. 
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Ernest G. Stout, Staff Engineer, Consolidated Vultee 
Aircraft Corporation. 


The Sylvanus Albert Reed Award 


For a notable contribution to the aeronautical 
sciences resulting from experimental or theoretical 
investigations which have had a beneficial influence 
on the development of practical aeronautics. 

The late Dr. S. A. Reed, designer of metal aircraft propel 
lers and a Founder Member of the Institute, made an en- 
dowment to the Institute in 1933 to provide an annual award 
with a certificate and honorarium of $250. The recipient 
of this award is chosen by the ballot of the American Honorary 
Fellows and Fellows of the Institute. 


Presented to ERNEST G. STOUT 


‘For his analytical and experimental contributions 
to the design and development of high-speed water- 
based aircraft.” 


Ernest G. Stout is responsible for Naval aircraft research 
and development at Consolidated Vultee Aircraft Corpora- 
tion and is Chairman of the NACA Subcommittee on Sea- 
planes. Since receiving his degrees from New York Univer- 
sity in 1935, he has been principally engaged in theoretical 
analysis, experimental research, and full-scale development 
of advanced water-based aircraft. 

Mr. Stout pioneered in the conception and development of 
successful experimental techniques and equipment for the 
investigation of complicated hydrodynamic phenomena for 
which he received The Lawrence Sperry Award in 1941. 

Recognizing the increasingly critical nature of the seaplane 
problems and not accepting the general belief that there 
were inherent penalties in that form of operation, he applied 
the new research methods to a development concept that has 
altered radically the form of water-based aircraft and has 
brought them continually closer to the ideal aerodynamic 
configuration. During the postwar period, this program 
accented high-speed development and achieved the world’s 
first turboprop seaplane and, more recently, the world’s first 
delta-wing water-based aircraft. 


Honors for 1953 


Dr. Donald Coles, Research Fellow, California Institute of 
Technology. 


The Lawrence Sperry Award 


For a notable contribution made by a young 
man to the advancement of aeronautics. 


This award was endowed in 1936 by the sister and brothers 
of the late Lawrence Sperry, pioneer aviator and inventor, 
who died in 1923 at the age of 31. It provides an annual 
certificate of citation and an honorarium of $250 to the recip- 
ient selected by the Board of Award. 


Presented to DR. DONALD COLES 


‘For fundamental contributions to the under- 
standing of supersonic skin friction.” 


Dr. Donald Coles, a 30-year-old native of St. Paul, Minn., 
received his bachelor’s degree from the University of Min- 
nesota in 1947. At California Institute of Technology, he 
accomplished his graduate work and received his master’s 
degree in 1948 and his Ph.D. degree in Aeronautics and Mathe- 
matics last June. He was made Research Assistant at Cal- 
Tech’s Hypersonic Wind Tunnel in 1948 and 2 years later was 
appointed Senior Research Engineer at the school’s Jet Pro- 
pulsion Laboratory. In 1953, he was named to his present 
position. 

The contributions made by Dr. Coles to the understanding 
of supersonic skin friction have been acclaimed by scientists 
and engineers working in the field of skin friction. Material 
on Dr. Coles’ work is only now being published. His Ph.D. 
thesis, ‘‘Measurements in the Boundary Layer on a Smooth 
Flat Plate in Supersonic Flow,” is appearing in toto in three 
Jet Propulsion Laboratory reports. One of his papers, ‘“The 
Problem of the Turbulent Boundary Layer,’’ is scheduled ‘to 
appear in the Swiss publication Zamp the early part of this 
year. Two additional manuscripts on his work are currently 
being prepared by Dr. Coles; their publication, however, 
has not as yet been definitely set. 
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Newly Elected 
Members of the 
Juttitute Council 


Eastern Area 


G. W. Baughman W. M, Duke 
Engrg. Staff Specialist Asst. Director—Tech 
Lockheed Aircraft Corp. Cornell Aeronautical 


(Marietta, Ga.) Lab 


Inc 


Central Area 
R. N. DuBois H, F. Waring 
Chief Prod. Engr. Chief Engineer 
Aircraft Division Military Aircraft 
Ford Motor Co Cessna Aircraft Co 


Western Area 


J. E. Barfoot W. T. Immenschuh 
Project Engineer Executive Engineer 
Boeing Airplane Co. Engineering Division 
(Seattle) Ryan Aeronautical C« 


Council Members 


(Left) P. R. Bassett (Right) M, G. Beard 
President Chief Engineer 

Sperry Gyroscope Co. Div. American Airlines, 

The Sperry Corporation 


(Bottom left) (Bottom Right) 
. E, Carbonara . C. Sebold 
President & Vice-President 


General Manager 


tngineering 
Kollsman Instrument Corp 


onvair (San Diego) 


J. A. Herlihy E. M, Powers 
Vice-President Vice-President 
Engrg. & Maintenance Engineering 


United Air Lines, Inc Curtiss-Wright Corp 
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(Continued from page 40) 
» Harold R. Harris (F), President, 
Northwest Airlines, Inc., was granted 
an indefinite leave of absence from 
the company for reasons of ill health. 
This action was taken by the Board of 
Directors on January 11. During Mr. 
Harris’ absence, Malcolm S$. Mackay, 
Vice-President—Continental Division, 
is serving as Chief Executive Officer of 
the company. 
» Frank W. Hulse (M), President, 
Southern Airways, Inc., has been 
elected to the Board of Directors of 
the Conference of Local Service Air- 
lines of the United States. 
» Vice Admiral Emory S. Land, USN 
(Ret.) (F), has resigned as President 
of Air Transport Association of Amer- 
ica. This was effective on last Decem- 
ber 31. In announcing his resignation 
from ATA, Admiral Land indicated 
that he would tender his resignation to 
Air Cargo, Inc., and Aeronautical 
Radio, Inc., as President and Board 
Chairman, respectively. Admiral 
Land is continuing his association 
with aeronautics in the capacity of 
Consultant. 
» Captain William W. Moss (M), Pan 
American World Airways, Inc., has 
been appointed Assistant Chief Pilot, 
Training, of the company’s Atlantic 
Division. 
>» G. W. Newton (M), Chief, Engine 
Test Facility, Arnold Engineering De- 


Rear Admiral Calvin M. Bolster, USN 
(Ret.), FIAS, retired from active Naval duty 
on January 1. He had been serving since 
August, 1951, as Chief of Naval Research, 
Office of Naval Research. A 1919 grad- 
uate of the U.S. Naval Academy, he re- 
ceived an M.Sc. degree in Naval Archi- 
tecture in 1922 and an M.Sc. degree in 
Aeronautical Engineering in 1936. Ad- 
miral Bolster, who is both a heavier-than-air 
and lighter-than-air (airship) pilot, served on 
various surface ships, including battleships 
and aircraft carriers, and on rigid airships, 
including the U.S.S. “‘Los Angeles’’ and 
U.S.S. ‘‘Macon."" In June, 1935, he was 


designated for ‘Aeronautical Engineering 
Duty Only.” 


IAS NEWS 


velopment Center, is serving as the 
1954 Vice-President—Aircraft Power- 
plant of the Society of Automotive 
Engineers. 


> W. A. Patterson (M), President, 
United Air Lines, Inc., was recently 
appointed by President Eisenhower to 
serve on the Commission on Judicial 
and Congressional Salaries. 


> Robert W. Rummel (M), Chief En- 
gineer, Trans World Airlines, Inc., has 
been elected Vice-President—Air 
Transport for 1954 of the Society of 
Automotive Engineers. 


> J. Carlton Ward, Jr. (M), President, 
Vitro Manufacturing Company, has 
been elected Chairman of Flight 
Safety Foundation, Inc. 


>» Captain P. V. H. Weems, USN 
(Ret.) (F), Partner, Weems System of 
Navigation, has been awarded the 
Magellanic Premium for 1954 by the 
American Philosophical Society of 
Philadelphia. Captain Weems was 
selected to receive this award ‘‘for 
his invention of methods and instru- 
ment for celestial navigation.” 


Members on the Move 


The purpose of this section is to provide 
informatien concerning the latest affilia- 
tions of IAS members. All members are, 
therefore, urged to notify the News Editor 
of changes as soon as they occur. 


John A. Bachman (TM), Aerodynamics 
Engineer, Fairchild Aircraft Division, 
Fairchild Engine and Airplane Corpora- 
tion. Formerly, Aerodynamics Engineer, 
Chase Aircraft Company. 


Edwin Plato Bernat (M), Lecturer in 
Mechanical Engineering; University of 
Sheffield, England. Formerly, Assistant 
Professor in Mechanical Engineering, 
Polish University College, London, Eng- 
land. 


Harold J. Carrick (M), Chief Advisor, 
International Field Office, Civil Aero- 
nautics Administration, Tokyo, Japan. 
Formerly, Deputy Chief, Technical As- 
sistance Division, CAA, Washington, D.C. 


U. A. Cotecchia (M), see U. A. Coty. 
(Mr. Cotecchia’s surname was recently 
changed by the courts of the State of Mich- 
igan to Coty.) 


U. A. Coty (M) (name recently changed 
from U. A. Cotecchia), Research Engineer, 
Guided Missiles Division, Lockheed Air- 
craft Corporation. Formerly, Research 
Associate, Willow Run Research Center, 
University of Michigan. 


I. H. Culver (M), now Manager, Engi- 
neering Experimental Design, Missile 
Systems Division, Lockheed Aircraft Cor- 
poration. 


Private Philip M. Fleiss, USA (TM), 9th 
Infantry Division, Fort Dix, N.J. For- 
merly, Structures Engineer, Fairchild Air- 
craft Division, Fairchild Engine and Air- 
plane Corporation. 
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William Littlewood, FIAS, Vice-Presi- 
dent—Engineering, American Airlines, Inc., 
has been inducted as the 1954 President of 
the Society of Automotive Engineers, suc- 
ceeding Robert Cass, of White Motor Com- 
pany. Mr. Littlewood, who delivered the 
IAS Wright Brothers Lecture in 1952, was 
the recipient of the SAE Wright Brothers 
Medal in 1935 for the presentation of the 
year's outstanding technical paper on aero- 
nautical engineering. With American Air- 
lines since 1930, he was appointed Chief 
— in 1933 and to his present post in 
1 


Ensign George F. Fritz, USNR-R (TM), 
ATU 200, NAAS, Kingsville, Tex. For- 
merly, Naval Cadet, NAAS, Barin Field, 
Foley, Ala. 


James E. Hannigan (TM), Extended 
Active Duty as Second Lieutenant, USAF. 
Formerly, Weights and Balance Engineer 
“B,”’ Boeing Airplane Company. 


Jacques A. F. Hill (M), Naval Super- 
sonic Laboratory, Massachusetts Institute 
of Technology. Formerly, Research De- 
partment, United Aircraft Corporation. 


Private John L. Martz, USA (TM), Co. 
“D,” 37th Armd. Inf. Bn., Div. Arty, 3rd 
Armored Div., Fort Knox, Ky. Formerly, 
Aerodynamic Development Engineer, Wind 
Tuanel Branch, Wright Air Development 
Center, Wright-Patterson AFB, Ohio. 


Charles O. Miller (TM), Staff Cockpit 
Design Engineer, Chance Vought Aircraft, 
Inc. Formerly, Regulus Project Test 
Pilot, United Aircraft Service Corporation. 
Edwards AFB, Calif. 


Donald W. Richardson (TM), Senior 
Aerodynamics Engineer, Propeller 
Division, Curtiss-Wright Corporation. 
Formerly,. Aeronautical Engineer, Chase 
Aircraft Company, Inc. 

F. S. Shaw (M), Superintendent, Struc- 
tures and Materials Division, Aeronautical 
Research Laboratories, Melbourne, Vic- 
toria, Australia. Formerly, Associate 
Professor, Polytechnic Institute of Brook- 
lyn, New York. 

Major Walter C. Stewart, Jr., USMC 
(TM), Graduate Student in Aeronautical 
Engineering, Princeton University. For- 
merly, Captain, USMC. 


(IAS News Continued on page 88) 
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CHARLES A. LINDBERGH 


Charles A. Lindbergh receiving the Daniel 


Guggenheim Medal from Harry F. Guggenheim. 
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“The receipt of the Daniel Guggenheim medal 
would be a great honor under any circumstance. It 
has unusual significance to me because I knew and ad- 
mired the man on whose name it was founded. I met 
him when I was a young pilot, 26 years ago last sum- 
mer, at his home on the north shore of Long Island—in 
that gray-rock building which overlooks the Sound and 
which was later donated to the Institute of the Aero- 
nautical Sciences. 

“T met him at a time when most people looked with 
skepticism upon aircraft, when transcontinental pas- 
senger routes were no more than enthusiasts’ ideas, 
and when transoceanic air schedules were a part of our 
vaguer dreams. Even at that time, Daniel Guggen- 
heim had faith in the future of aviation—partly rea- 


soned—partly intuitive. He had the courage to say 
so and the confidence to back up his beliefs with a func 
of $3,000,000, devoted to the promotion of aeronautice: 
and directed by his son, Harry—a naval aviator o 
World War I. Several years later, again with visior 
far ahead of the period, he financed Robert Goddarc 
in those pioneering rocket experiments that were car 
ried out on the plains of New Mexico. 

“Many of us ... have watched the ideas and the 
dreams of a quarter century back come true. We have 
seen the confirmation of Daniel Guggenheim’s beliefs 


Airplanes carry passengers by millions and compet 
with trains for first-class mail. Air routes over con 
tinents and oceans spider-web the earth. In fact 
aviation has been so successful that, together with othe 
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branches of modern science, it has revolutionized the 
environment of man. 

‘“‘We dwell in a smaller world, by the scale of clocks; 
we are more vulnerable to our enemies, more accessible 
to our friends; we tap previously distant sources of 
supply. Science has revalued geographical locations, 
increased the density of populations, and offered its 
rewards to new knowledges and trades. The houses 
we own, the meals we eat, the tensions we feel, the 
skills we teach differ from those of our forefathers in 
fundamental ways. 
in a state of flux. 


Ideals, wealth, and power are all 


“Human history contains no comparable environ- 
mental change. In this fact, our pride is countered by 
our apprehension. Current experience combines with 
biological knowledge to warn us that a radical change 
in environment requires an adjustment on the part of 
life which is fascinating, tremendous, and often terrible. 
It is in relation to our modern environment that | 
should like to discuss aviation,...for I think we are in 
danger of confusing problems of long-term and of short- 
term survival. 

‘‘When the art of flying was very young, most of us 
thought that men on wings would soar over mountains 
and oceans to bring countries close together in peace- 
ful understanding. We assumed that easy contact 
between peoples would simplify diplomacy and de- 
crease war. Now, at the end of the first half-century of 
engine-driven flight, we are confronted with the stark 
fact that the historical significance of aircraft has been 
primarily military and destructive. Our bombs have 
wiped out, in minutes, an inheritance of life and labor 
which centuries created. Aviation is having its great- 
est effect on the force-influence of nations and factors of 
survival, while diplomatic relationships are floundering 
in a strange new framework of power, time, and space. 

“With hindsight, we see that our early enthusiasm 
over the discoveries of science and the conquest of the 
air blinded us to natural laws that govern the con- 
duct of men. All our scientific progress has not 
changed the fact that God made life on earth prolific, 
competitive, selective. When we overlook such basic 
laws, we are likely to extrapolate short-term trends 
into false utopias of brotherhood and peace. 

“The fact that modern communication has brought 
unity to our states of North America, and that people 
everywhere are now more accessible to each other, 
does not reverse the rock-old tendency of life to diverge 
and compete in form and values. Science has in- 
creased the size of evolutionary groups, set up new 
combinations, and added tremendously to the power 
of their tools; but one sees little indication that strife 
has been reduced. From wood-wheeled cart to tur- 
bine airplane, men have always used their inventions 
to advance their beliefs, trade, and sovereignty—al- 
ternating their support, according to their purpose, 
between forces that unite and forces that divide. 

“In recent years, we in America have spent an alarm- 
ing amount of thought and energy on war. We find 
ourselves in the position, encountered so often through 
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the ages, of having to rely on arms to maintain peace 
and protect the way of life that we believe in. Like 
those of Rome, our frontiers have expanded, while the 
nations allied with us to maintain them depend largely 
on our strength. 

“We know that defensive forces cannot cope with 
atomic bombs and supersonic missiles; therefore our 
security rests in the decentralization of vital targets 
and in our ability to deliver an immediate and crip- 
pling attack. We must spread out our factories, and 
we must keep in being fleets of aircraft which can strike 
an enemy more effectively than he can strike at us. 
Science has destroyed the old framework of ground- 
marked space and wheel-marked time which let other 
generations prepare for war after hostilities had started. 

“A survey of world conditions and existing trends 
indicates that we must be a nation constantly more 
versed in scientific, industrial, and military tech- 
niques, organized to an efficiency untouched in ages past. 
The tremendous effect on our environment is obvious. 
We are likely to be more regimented, live more in- 
doors with artificial lights and climates, consume more 
preserved foods, develop our minds out of proportion 
to our bodies, and choose the father or mother of our 
children according to the ideals that ensue from such 
a life. Buirthrates will adapt themselves to new sur- 
roundings, and even hereditarily we will become a 
different people. 

‘‘Man las always had a tendency to complicate his 
life with technical knowledge and material devices. 
Since the mechanistic age began, we have allowed our- 
selves to become increasingly bound to a régime re- 
quired by its training and encouraged by its products. 
Our population has shifted from farm to factory in 
order to better tend machines, administer commerce, 
and gain the conveniences of city life. This tendency, 
originally fostered by intellectual curiosity and eco- 
nomic reward, is now accelerated by military necessity 
and our instinct for survival. In a competitive world, 
life and freedom must be backed by strength. 

‘But survival has a time dimension that says that 
power consists of more than strength of arms. Short- 
term survival may depend on the knowledge of nu- 
clear physicists and the performance of supersonic 
aircraft, but long-term survival depends alone on the 
character of man. Our scientific, economic, and 
military accomplishments are rooted in the human 
quality that produces them. In the last analysis, 
all of our knowledge, all of our action, all of our prog- 
ress succeeds or fails according to its effect on the 
human body, mind, and spirit. While we concentrate 
our attention on the tools of economics and war, we 
must not neglect the basic means of surviving, the 
basic reason for survival, man himself. 

“What will this modern environment of ours create 
in the future character of man? Here, rather than in 
the atom, is the power that will establish our wisdom 
and decide our fate. And here we pass beyond clear 
cut scientific frontiers. Our clocks, weights, measures, 
and mathematics become inadequate when we discuss 
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the basic qualities of man. We can mark down human 
efficiency in figures of mass production, but how are 
we to evaluate mass production, say in such spiritual 
elements as faith and joy, compassion and courage? 
We know when we have won a victory in war, but how 
can we subtract our losses and find the product of that 
victory in terms of future cultural and hereditary 
strength? 

“Human character consists of a fluctuating balance 
of qualities that we attempt to describe with such 
words as ‘physical,’ ‘mental,’ ‘emotional,’ ‘spiritual.’ 
Emphasis or repression of any one of these qualities 
has a major effect on all the rest, and the result can 
carry on for generations. As this is true with indi- 
viduals and families, it is true with communities and 
nations, the one reacting on the other, slowly, while 
conditions change with years. We speak of the phys- 
ical stamina of Russia, the rationality of France, the 
vivaciousness of the Italian, or of India’s mysticism. 

“We think of peoples noted for their tendency to- 
ward war or peace, regimentation or individualism, 
industry or agriculture; and in each case the over- 
emphasis of one quality results in weakness in another. 
A regimented Germany overruns an individualistic 
France, to be hurled back by the agrarian endurance 
of Russia, and decimated by America’s industrial 
production. But the physique of Russia lacks the men- 
tality for freedom, while the increasing industrialism 
of the United States has left many men and women 
questioning the system that creates it. In the time 
dimension, survival depends upon the balance we main- 
tain; strength is catabolic without wisdom for direc- 
tion, and the sermons of Christ become as essential 
as the steel of Bessemer to our power. 

“Man is born with qualities of body, mind, and spirit. 
No system can maintain the utmost power unless it 
gives all his faculties free play. Most of us remember 
when the requirements of living enforced a more bal- 
anced life. Not many years ago, the efficiency and 
specialization demanded of us today were impossible. 
As a lawyer, my father harnessed a horse to carry on 
his business. As a young pilot, I unlashed my wings 
from fence posts and pulled through my own propeller. 
But my father and I knew the feel of rain and the smell 
of ground, and there was time for our thoughts to wan- 
der. When night came, our muscles put our brains to 
sleep. 

‘Now, modern standards require an efficiency that 
inmobilizes the muscles and the senses while it over- 
activates the brain. Think how tightly we bind our 
flesh to chair and bench in order to support our intel- 
lect’s excursions! We insulate man more and more 
from his old environment of earthy weather. We de- 
sign him into closed automobiles, commuters’ trains, 
and air-conditioned buildings. Yet we all know that 
lethargy of body slants the reason of the mind. In 
aviation, this trend has been particularly clear. As 
speed and completed schedules improved, pilot and 
engineer alike lost touch with the hayfield’s sun. The 
yielding sod of early days gave way to concrete aprons, 


while open cockpits were streamlined into fuselages 
until our cheeks no longer felt the turbulence of air. 

“Tn aviation, our old, carefree fascination with the 
art of flight has metamorphosed into a responsibility 
for the welfare of mankind and the security of our 
American people. On the one hand, it has become our 
mission to maintain rapid intercourse between all 
nations. On the other, it is our duty to construct the 
world’s greatest military force. To our skill is en- 
trusted the terrifying power of the atom bomb. Our air- 
craft have to navigate with extreme accuracy, over 
long distances, at projectile speeds, and in stratospheric 
altitudes. 

“This responsibility involves a life of dedication and 
discipline, for the ‘know-how’ it requires is immense. 
Youth must specialize in technical training. Day- 
light hours of adult years must be spent beside ma- 
chines, drafting boards, and desks. Here, we meet the 
basic question of how deeply and how long man can 
consecrate himself to his machines without losing the 
human qualities essential even to effective consecration. 

“American aviation has accepted the responsibility 
for material power. From the standpoint of short- 
term survival, the confidence placed in our science and 
industry has been justified through the performance 
and the numbers of our aircraft. But our very success 
in the field of material power silhouettes problems of 
human power which confront us. War, strikes, and 
political unrest have flamed on all our speed-compressed 
horizons. From the standpoint of long-term survival, 
what is our régime of life doing to our people? As in 
other fields of modern enterprise, our responsibility 
for human power is still too vague of concept. 

“During decades of industrial development, western 
man has taken himself for granted, while he concen- 
trated his attention on his material creations. He 
now wakes rather suddenly to find his security de- 
pendent on the machine organization he has built, 
with his civilization threatened by its products. He 
comes to the increasing realization that he has not 
kept inward pace with his outward actions. 

“This mid-century generation we represent stands 
on amazing accomplishments but faces alarming prob- 
lems. We have wiped out a city with a single bomb, 
but how can we use this fact to heighten our civilization? 
We build aircraft by the tens of thousands in our 
factories, but what will our factories build in the char- 
acter of their personnel—not only in our generation, 
but in our children’s, and their children’s? We tie all 
countries close together, put each doorstep on a uni- 
versal ocean, but how are we to direct these accomplish- 
ments to improve the basic qualities of life? In em- 
phasizing force, efficiency, and speed, are we losing a 
humility, simplicity, and tranquility without which we 
cannot indefinitely hold our own, even in worldly com- 
petition? 

‘These are the problems of human power, of long- 
term survival upon earth. We have shown what man 
can make of science. Now it is a question of what 

(Continued on page 87) 
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General Design Aspects of Flight Refueling 


LT. COL. WALTER P. MAIERSPERGER 


Directorate of Research and Development, Hq., USA 


i ers TECHNIQUE OF FLIGHT REFUELING augments two 
of the basic principles of warfare: 
bility. 
service rests on its inherent superiority in these two 
principles. Therefore it is not surprising that flight 
refueling occupies such a peculiarly conspicuous posi 
tion in the weapon systems picture. 

In the July 9, 1923, issue of Aviation, the following 
item appears: 


range and mo- 
The foundation of the Air Force as a separate 


“An airplane in flight was refueled for the first time in the 
history of aviation near San Diego, California, on June 25 

“Flying at a speed of 90 m.p.h., Lts. Hines and Seifert 
guided their craft above that flown by Capt. Lowell Smith 
and Lt. John P. Richter. The fuel ran down a 40-ft. steel 
wire encased rubber hose and within 2 min. the feat was 
done.” 

Was it considered a stunt by them? John Richter, 
now Colonel, USAF (Ret.), states that during World 
War I, the Spad airplane had only 20- to 40-min. en- 
durance over the front lines. Pilots often wished for 
a means of refueling without having to return to base. 
In this statement is expressed the idea of refueling in 
flight in order to increase the effectiveness of the patrol, 
a present-day tactical concept. Colonel Richter states 
that, on the day the St. Mihiel offensive started, he had 
to fly nine sorties because his airplane’s endurance was 


Presented at the Aircraft Design Session, Twenty-Second An- 
nual Meeting, IAS, New York, January 25-29, 1954. 


so limited. Yet, on August 27-28, 1923, when he and 
his teammates broke the world’s endurance speed and 
distance records during a 37-hour, 15-min. flight, this 
was termed a stunt in some quarters. 

But these Rockwell Field pilots were not through 
demonstrating the military potential of flight refueling. 
On October, 25, 1923, this same quartet, aided by Capt. 
R. G. Ervin and Lt. O. R. McNeel, demonstrated the 
mobility that flight refueling gave the Air Service. 
Smithand Richter flew from Sumas, Wash., on the Cana 
dian border to Tia Juana on the Mexican border, non- 
stop, having been refueled in flight twice enroute by 
tanker planes temporarily based at Eugene, Ore., and 
Sacramento, Calif. 

Major H. H. Arnold, the base commander, was an 
ardent supporter of these early experiments. Gen- 
eral Patrick, Chief of the Air Service, commended the 
fliers for both the endurance and the border-to-border 
flights. It is believed that these records show that the 
military significance of flight refueling was well ap- 
preciated by these military airmen of an earlier day. 

Fig. 1 shows the system in use at the time. It is 
interesting to note that neither pilot could see the point 
of contact between the two airplanes. The formation 
position was awkward to fly, and a collision hazard 
existed. Both planes were DH-4’s, so their formating 
compatibility was good. The hose was raised and low- 
ered with the aid of a cable and a tow-target reel. 
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No hose reel was used. The hose was coiled around 
the operator's feet in the rear cockpit. The tanker had 
a fuel shut-off valve, and the end of the hose had a 
shut-off valve, both manually operated. Nonetheless, 
the receiver operator was frequently drenched with fuel 
when inadvertent disconnects occurred because of gusty 
flight conditions. Although the standard DH-4 had 
a radio installed, perhaps it had been removed to permit 
the installation of the special flight refueling equipment, 
for there is no record to show that a radio was used for 
either interplane or air-to-ground communication for 
any of the flights. Colonel Richter states that, at 
first, all personnel were extremely concerned about 
fire and explosion hazard, but when nothing happened 
after the frequent drenchings, they concluded that the 
operation was pretty safe on this score. 

While on the subject of firsts, not only fuel but oil, 
water, and food were received in the rear cockpit and 
dispensed to appropriate parts of the airplane. A man- 
ually operated air pump was connected to a master 
distribution valve. This pressurized the respective 
service reservoirs mounted behind the rear cockpit and 
forced the various liquids into the proper engine systems. 
It should be mentioned here that Colonel Richter’s 
experience prior to entering the Air Service was as a 
locomotive test engineer with the Santa Fe Railroad. 
He was a man not easily befuddled by a collection of 
pumps, tanks, valves, and gages surrounded by wind, 
noise, and grime. 

When another group of fliers demonstrated this new 
invention at an air show at Kelly Field in November of 
the same year, tragedy struck. The airplanes collided, 
and the first of only two known fatal accidents due to 
flight refueling occurred. 

For the next few years our nation was not concerned 
with any immediate enemy. Five years passed before 
flight refueling was resurrected in 1929 by Major Spaatz, 
Captain Eaker, Lieutenants Quesada and Halverson, and 
Stafl Sergeant Hool in order to establish a new world’s 
endurance flight. They remained air-borne for 150 
hours. The equipment was almost a copy of that used in 
1923, so that little development was achieved by this 
demonstration. However, because of the fact that the 
receiver was a monoplane and the tanker was a biplane, 
a new technique for flight refueling was evolved which 
the Air Force has been scientifically exploring in the 
last few years. This is the technique known as ‘“‘de- 
which enables a relatively slow tanker 
to keep up with a relatively fast receiver by conducting 
the refueling operation in a continuous descent. The 
officers recommended the development of an automatic 
fuel shut-off valve at the end of the hose, although this 
time there were four men who could alternate getting 
drenched, this despite the fact that, benefiting from 
the 1923 experience, they had taken a rubber hat, coat, 
and boots aloft with them. 

Following the flight of the “Question Mark,” the art 
of flight refueling caught the attention of many people 
in many lands. It is known that the Germans, the 
French, and the English all conducted experiments. 


scent refueling,” 


53 


‘B-24 tanker and B-17 receiver. 


In 1932 Squadron Leader Atcherly of the RAF pat- 
ented a crossover method for making contact between 
two airplanes for the purpose of flight refueling. 

In England there was another who watched the RAF 
trials. His name was Alan Cobham. He had pio- 
neered the Empire air routes to Africa, Australia, and 
India. He knew the miserable condition of airports of 
that day and knew of the inconveniences suffered in 
obtaining fuel and lodgings at these airports. He was 
to spend the major portion of his life to the present day 
in the development of flight-refueling systems. 

Cobham watched as Atcherly also developed a shut- 
off valve in the coupling so that fuel would not be spilled 
when contact was broken. When Cobham started his 
trials, he was confronted by the necessity of getting 
around Squadron Leader Atcherly’s patent on the 
cross-over method. Cobham did this by developing 
the harpoon projectile method. In this contact method 
a trailing cable from the receiver airplane was engaged 
by a cable shot from the tanker airplane from a har- 
poon gun. After the two cables made contact, the 
hose was hauled from the tanker airplane into the re- 
ceiver airplane and fuel was passed. Cobham’s as- 
sociate, P. R. Allison, developed an automatic shut- 
off valve and coupling so that inadvertent break-aways 
could be made without danger to either airplane or to 
the equipment. This development was exceedingly 
important, since it enabled Cobham to obtain an air- 
worthiness certificate. With this he obtained com- 
mercial support for his venture and in 1934 organized 
his own company, Flight Refuelling, Ltd. 

In 1939, a total of 15 commercial scheduled refueling 
flights were made between Southampton and New 
York using Cobham’s equipment. 

In 1942, Flight Refuelling, Ltd.’s equipment was in- 
stalled by Wright Field with slight modification in a 
Characteristically, the 
Yanks added electric hydraulic power to the winch and 
reel operations, which had formerly been done manually. 
Seriously, the higher air speeds of the B-17 and B-24 
forced this change. This 


equipment successfully 


Fic. 1. Refueling in mid-air by Capt. Lowell H. Smith and 
Lt. John P. Richter, at Rockwell Field, Calif. They stayed in the 
air 4 days, using de Havilland planes. 
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Fic. 2. Looped hose equipment. 


passed Air Proving Ground tests in 1943. Of necessity 
another of Flight Refuelling, Ltd.’s developments had 
been the perfection of a manifold fuel system, which 
filled the various fuel cells in the receiver airplane from 
the single coupling point, shut off the flow of fuel gently 
when the tanks were full, and prevented the pressure of 
the gravity and dynamic head of fuel from being sub- 
jected to the individual fuel cells. This manifold 
fuel system was incorporated in the B-17 receiver. Fuel 
was transferred by force of gravity at an average rate of 
120 gal. per min. 

In 1944, the British Air Ministry called upon Flight 
Refuelling, Ltd., to convert a large number of Lancaster 
and Lincoln bombers for long-distance bombing by 
means of in-flight refueling. The success of the island- 
hopping strategy in the Pacific led to the abandonment 
of this project, as well as the B-17, B-14 project, but 
not before a substantial number of systems had been 
manufactured. 

In 1946, the British company added a new technique. 
Trials were made over the English Channel between 
May and December at altitudes up to 20,000 ft. by 
day and by night. Rendevous between the tanker and 
receiver airplanes was accomplished by an adaptation 
of the Rebecca-Eureka radar equipment, which had 
been developed during the war for use in paratroop and 
glider operations. 

Using the rendezvous technique and the equipment 
produced during the war, the British Ministry of Civil 


Aviation sponsored a series of eleven experimental 
flights from London to Bermuda in the summer of 
1947. None of the commercial pilots in the receiver 
airplanes had had any previous experience in flight- 
refueling operations, nor was it necessary for the re- 
ceiver airplanes to deviate from the agreed-upon course. 
Intercepts were made by the tankers between 200 and 
500 miles off Santa Maria in the Azores, the tanker 
base. 

So successful were the Bermuda trials that in the 
next test 15 roundtrips were made between February 
tf and May 30, 1948, between London and Montreal. 
Refuelings took place approximately 500 miles west of 
Shannon and within 200 miles of Newfoundland. On 
the whole, the refueling trials were outstandingly suc- 
cessful from a technical standpoint. It was certainly 
proved that the quickest commercial service over long 
routes could be obtained by flight refueling, rather than 
requiring the air liner to land for fuel. 

At this point in history, the U.S. Air Force, having 
experimented three times previously with flight re 
fueling, adopted the technique as part of its standard 
operational procedure. In October, 1947, the Stra- 
tegic Air Command requested the development of 
in-flight refueling to enable it to more successfully ful- 
fill its basic mission requirements. Headquarters, 
USAF, promptly ordered Wright Field to proceed. 

An entirely USAF development was initiated along 
the lines of what was known of the British equipment, 
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plus some information obtained from the National 
Council of Inventors (of America), relative to Squadron 
Leader Atcherly’s cross-over contact patent. In the 
next few months, two B-29’s were equipped at Wright 
Field with winches built by All-American Aviation 
Corporation for use in aerial pickup work. Successful 
cross-over contacts were made at altitudes up to 20,000 
ft. by day and night. 

On Wednesday evening, March 24, 1948, Head- 
quarters informed Wright Field that it was necessary 
to demonstrate within the next 3 days that a B-29 
could be refueled from another B-29. The Boeing 
Airplane Company's Wichita Division was alerted, and 
on Thursday afternoon, the writer, his Wright Field 
colleagues, and the test aircraft arrived at Wichita. 
Late Sunday afternoon, 440 gal. of a mixture of water 
and antifreeze solution were successfully transferred at 
arate of 35 gal. per min. The contact itself had taken 
52 min. to accomplish, and altogether the airplanes 
were in continuous contact for approximately 1 hour, 
12 min. It was well worth the effort. 

During the following week, congressional hearings 
were held to determine which Service would have the 
prime responsibility for delivery of the A-Bomb. The 
Air Force was able to state that it had successfully com- 
pleted a refueling operation between two B-29’s in 
flight and that this capability gave it a tremendous stra- 
tegic potential. On Friday of that week Congress de- 
cided that the Air Force would have prime responsibility 
in delivery of the A-Eomb. As of this period, the Air 
Force has never relaxed its endeavors to continue the 
development of flight-refueling equipment. 

As the test airplanes returned to Wright Field, the 
airplane that was bringing the first of a large order of 
Flight Refuelling, Ltd., equipment into this country was 
passed in flight. A large number of B-29’s and B-50’s 
were equipped by Boeing as tankers and receivers with 
this British equipment. 

Fig. 2 shows this looped hose equipment in use. In 
the upper left sketch, the tanker is flying a left wing 
position from the receiver aircraft, and both are trailing 
cables. The receiver airplane’s cable is trailed out 
straight by means of a windsock or drogue. The tank- 
er’s cable is trailed low by means of a weight known as 
a sinker. The tanker then crosses over to the right 
Wing position which causes the two cables to engage. 
The remaining sketches show the drawing of the hose 
across to the receiver and the final break-away, which 
is done by paying out the hose from the receiver air- 
plane until a fixed length of cable has been paid out, with 
a weak link incorporated init. The weak link separates 
and the trailing components are rewound into their 
respective airplanes. Poeing Aircraft Company, in 
conjunction with the Wayne Pump Company, added a 
fuel transfer pump to the system. Even with the long 
hose necessary with the B-29’s, a rate of 185 gal. per 
min. was achieved. American Rebecca-Eureka equip- 
ment was installed for rendezvousing. 

Several notable flights were made using this equip- 
ment. In 1949, the Lucky Lady, Fig. 3, flew around 


the world in 4 days, being refueled four times in flight. 
It, too, was a demonstration of mobility. The Lucky 
Lady showed that an attack could be launched from 
the zone of the interior to virtually any place in the 
world within 48 hours, assuming that a strategic com- 
plex of tanker bases has been prepared in advance. 
This demonstration was not range extension in the 
combat sense, since the Lucky Lady could have made 
the same trip without flight refueling by landing at the 
very bases from which the tanker airplanes were based. 
However, the landing, ground refueling, and take-off 
operations would have consumed time and might have 
revealed the nature of the mission to the enemy. Sur- 
prise might have been lost. 

A true range extension demonstration was given by 
another airplane in December, 1948. This airplane 
took off from Fort Worth, Tex., dropped its bombs near 
Hawaii, and returned to Fort Worth for a total mission 
of over 9,000 miles, having been refueled outbound and 
inbound near the Pacific coast from tankers also based 
at Fort Worth. Had this double-refueled mission 
been launched from one of our forward bases against an 
enemy, it would have been a true demonstration of the 
use of flight refueling to increase the effective combat 
radius of a bomber, an increase obtainable practically 
by no other means. 

Fill the gap though it did, this equipment was a long 
way from being optimum in the B-29 aircraft. It had 
been designed originally for an air speed of 160 knots, 
and it was necessary to fly at 190 knots in order to refuel 
completely a B-29 or B-50 receiver aircraft. It was 
basically limited to low air speeds because the hose was 
being dragged through the air crosswise to the relative 
wind. Under the best conditions it took 4 min. to es- 
tablish contact between the tanker and receiver air- 
craft. Skilled operators were required in both aircraft, 
arid the refueling operator’s position in the tanker air- 
craft was in an unpressurized compartment almost 
completely exposed to the elements. It was not adapt- 
able to fighter refueling. Although this equipment is 
still in use as limited standard, the Air Force, coincident 
with the purchase of the British equipment, had im- 
mediately taken steps to develop a better system. 

This development became known as the flying boom 
system and is illustrated in Fig. 4. To review this 


’ Fic. 3. The Lucky Lady II. Boeing B-50 (lower) is shown 
being refueled in flight by the Boeing B-29 (above) during a train- 
ing mission over Arizona. 
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system briefly, it consists of a telescopic boom mounted 
in the tanker aircraft in such a way that the contact is 
made under the control of a boom operator, who manip- 
ulates the boom through the use of the ruddervators and 
guides the telescopic boom section into the receptacle 
on the receiver aircraft. Once contact is established, 
the boom in its design concept is freely telescoping, and 
it is not under the control of the boom operator or the 
receiver pilot in any way until the disconnect is made at 
the end of the refueling operation. 

The advantages of the boom system over the old 
looped hose system are obvious. Contact is usually 
made in seconds. It can be used to refuel fighters. 
The relatively large diameter of the boom and its rela- 
tively short length permit high rates of fuel transfer. 
This means that the refueling operation can be com- 
pleted more simply and in a shorter length of time. This 
equipment became operational late in 1949 and has 
undergone intensive detail development ever since. 
Flying boom equipment is now installed in large num 
bers of KB-29 and KC-97 tanker aircraft, and many 
aircraft have been equipped as receivers for use with this 
system—the B-50, B-47, B-52, and the F-S4 airplanes. 
Mass flights across the Atlantic and Pacific have been 
conducted in the past 2 years. The boom is the stand- 
ard USAF flight-refueling system. The great major- 
ity of all flight-refueling operations have been completed 
using this equipment. 

What are the limitations of the boom equipment? 
Aerodynamically, there is a drag penalty since it is not 
stowed internally. 


In operating position it is depressed 


Fic. 4. Boeing B-47 Stratojet bomber demonstrating thc 
flying boom system. The B-47 is being refueled by a Boeing 
Stratofreighter. 


Fic. 5. 


Illustration of the probe and drogue system. 
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at an angle of approximately 30° to 45° to the relative 
wind. Thus it faces a definite Mach Number limit 
due to buffet. It is restricted mechanically in its an- 
gular operating limits. This narrows its operating 
envelope and requires a high degree of pilot skill to 
maintain the required close formation, especially during 
the latter portion of the refueling operation, when the 
receiver aircraft is reaching its maximum weight and 
becomes sluggish in handling characteristics. While 
in its design concept, the boom is freely telescoping; 
while in the contact position, this is not the case in prac- 
tice. The pressure and mass rate of the fuel which is 
being delivered through the boom causes the boom to 
develop a certain rigidity along the telescoping axis. 
Unless means were incorporated to prevent it, it can 
be readily understood that, because of the pressure of 
the fuel, the boom would extend to its maximum length 
and remain there during the entire operation. The 
Boeing Airplane Company has developed three dif- 
ferent systems or modes of operation to take care of 
this problem. Without going into the details of these 
systems, flight tests have shown that, while each of the 
three modes of operation is best suited to certain classes 
of aircraft, depending on their relative weight and con- 
ditions of atmospheric disturbance, not one of the 
three systems completely eliminates all of the difficul- 
ties. Some of these difficulties are inherent in any 
flight-refueling system that has a varying length of fuel 
run. 

With the flying boom there are two adverse effects 
of this problem: one is on the fuel system itself, another 
is on the flying quality of the combination. Taking 
the first, it is seen that, because of the fact that the 
boom must telescope in and out to accommodate for 
the relative motion of the airplanes while in contact 
with each other, a series of pressure pulsations is set 
up within the fuel system as the boom lengthens 
and shortens. These fluctuations in pressure can have 
a serious effect on the entire fuel system and must 
be damped out. The job of damping is accomplished 
by means of a so-called “‘boot’’ incorporated within the 
boom itself. This pressure-damping boot, although 
designed to overcome this difficult problem in the 
boom system, is practically mandatory in any flight- 
refueling system in order to relieve the surge of pressure 
which occurs any time an inadvertent disconnect takes 
place due to some abrupt airplane maneuver. It per- 
forms this function in the boom system as well. The 
second effect of the fuel pressure on the relative ri- 
gidity of the boom is on the flight characteristics of the 
coupled airplane combination. Let us examine the 
combination when it enters a slight gust. The effect of 
the gust is first felt by the leading airplane, the tanker, 
and in the next split second by the receiver air- 
craft. Both airplanes will start to deviate from their 
path, first one, then the other, because of the effect 
of the gust. However, since the leading airplane 
moves first, it creates a demand for motion in the 
telescoping section of the boom. This demand is par- 
tially resisted by the column of fuel so that a mechanical 
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couple is produced on the leading airplane, tending to 
nose it up or down, depending on the direction of the 
This deviation from the flight path 
is corrected by the pilot. However, the second aircraft 
also responds to the gust, and this is counteracted 
by the pilot in the receiver aircraft. It can be seen that 
the problem of holding formation no longer evolves 


gust encountered. 


solely upon the relative position of the two airplanes 
to each other but also depends on the magnitude of the 
force couple produced by the length of the boom be- 
tween the two aircraft. If a gust occurs while the air- 
planes are flying with the boom relatively close to its 
fully extended limit and the couple develops in such a 
manner as to further separate the two airplanes, an in- 
advertent disconnect occurs, the fuel flow is shut off 
automatically, and it is only necessary to recouple in 
On the other hand, 
if a gust is encountered when the airplanes are flying 
with the boom near the closed position and a couple is 


order to continue the operation. 


produced tending to force the airplanes closer to each 
other, the danger must be immediately recognized by 
the boom operator and the receiver pilot, since it is 
readily apparent that if the boom bottoms a rigid link 
exists between the two airplanes which will further ag- 
Once this 
condition occurs, a resultant action develops very 


gravate the couple, forcing them together. 


quickly, causing either a structural failure in the boom 
or boom attachments or an actual collision between the 
By intensive training of both pilots and 
boom operators, by picking select crews, and by estab- 


two aircraft. 


lishment of rigid emergency break-away procedures, 
the number of such incidents is relatively rare. No ac- 
tual collision has ever occurred. Whenever possible, 
ex-pilots are picked as boom operators. The system is 
further protected by a complex series of limit switches 
that energize an automatic disconnect and boom retrac- 
tion whenever mechanical or fuel pressure limits are 
exceeded. In turbulent air, the frequency of inadver- 
While this usually results 
in nothing more serious than aggravation on the part 
of the refueling crews, it definitely does reduce the av- 
erage rate of fuel transfer. 
flight refueling system is far more than a fuel system. 


tent disconnects increases. 


Thus it is seen that a 


What may be optimum from a fuel system standpoint 
may fall far short of an optimum flight-refueling system 
because of the other factors that must be considered 
in making and holding contact between the tanker and 
receiver aircraft. 

In August, 1949, on its own resources, Flight Refuel- 
ling, Ltd., demonstrated the probe and drogue system 
by setting a world endurance record for jet aircraft by re- 
fueling a Meteor ten times in flight for a total endurance 
of some 11 hours. The USAF let a development contract 
that same year. Fig. 5 shows the elements of the probe 
and drogue system. A conical drogue is trailed on the 
end of a length of refueling hose. The drag of the hose 
and drogue is almost balanced by a drive mechanism on 
the reel, which continually tends to wind in the hose. 
A probe is rigidly mounted on the receiver aircraft. 
in order to make contact, the receiver pilot flies the 


probe into the conical drogue, where automatic coupling 
and refueling takes place. In order to disengage, the 
receiver pilot merely slows down his aircraft until the 
probe pulls out of the drogue coupling. Automatic 
valves shut off the flow of the fuel. The wind-up 
mechanism in the reel constantly keeps the hose taut 
as the relative position of the airplanes changes during 
the refueling operation. 

The simplicity of this system is readily apparent. 
Its hose trails at an angle of only 10° to 15° to the rel- 
ative wind, so that it inherently has a higher design air- 
speed capability than previous systems of flight re- 
fueling. No operator is required, and sequencing of 
the hose-reel mechanism can be done by one of the 
regular members of the air crew from a remote position 
without having visible reference to the refueling op- 
eration itself. This also permits multipoint tanker 
configuration, so that more than one aircraft—and, in 
practice, up to three—can be refueled at one time. 
Functional tests of this equipment and development to 
increase the design air speed and the rate of flow of this 
equipment have been continuing since 1950. Further, 
the probe and drogue system permits flight-refueling 
operations during far higher levels of turbulence than 
the flying boom system. 

The equipment was the first flight-refueling system 
used in combat (in Korea) and was the first to prove the 
value of in-flight refueling under combat conditions. 
Recently, the Air Force announced that a B-47 con- 
vertible bomber-tanker had been developed using this 
equipment. This not only marks the first jet tanker 
developed but also the first USAF capability to con- 
vert a bomber into a tanker in the field, depending 
on the contingencies of the operational situation. 
This jet convertible bomber-tanker and a B-47 probe 
receiver are now at the Air Proving Ground at Eglin 
Field undergoing operational suitability tests. The 
probe and drogue system is almost unanimously pre- 
ferred by Air Force pilots who have flown it and has 
been adopted as standard by the U.S. Navy. 

This system also has its disadvantages. First, it is 
not optimum from a fuel flow standpoint. This is 
true because the hose is appreciably longer and smaller 
in diameter than the flying boom. This means that 
there is greater resistance to fuel flow and that more 
pumping horsepower is required to achieve the same 
average rate of flow as the flying boom. In practice, 
however, the fact that the probe and drogue permit a 
greater latitude in the required formation position 
means that it is practically free of the inadvertent dis- 
connects that occur in the boom system.- Thus the rate 
of flow between the two systems, even assuming iden- 
tical pumping horsepower, approaches the same average 
value. Perhaps the greatest problem facing the probe 
and drogue system is the development of a truly satis- 
factory refueling hose. Despite the fact that some 
good performance has been achieved, using essentially 
commercial hoses, the production of a satisfactory hose 
is essentially still the result of craftsmanship and ex- 
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tremely rigid methods of inspection and control. 
Present hoses, produced in this country by the U.S. 
Rubber Company, consist of a rubber liner reinforced 
in cross section with a spirally wound wire, the two be- 
ing integrated by a woven cotton carcass bonded to 
the rubber liner. For flight-refueling purposes the 
cotton is the tension member. The reel diameter is a 
function of the minimum bend radius of this hose. No 
hose has yet been built which will resist the aromatic 
content of the fuel and bend satisfactorily at —65°F. 
Eelow about —30°F., more and more force is required 
to bend the hose around the reel. In practice, the 
reel may be contained within a shroud so that warm 
air may be circulated around the layers of hose while 
in flight. The fuel itself also acts to prevent the hose 
from stiffening to the degree that an unsatisfactory 
contact would result. 
further explanation. 


This latter statement requires 
In the probe and drogue type 
system, it is essential that the hose be maintained taut, 
and this is most critical at the instant that the receiver 
airplane makes contact with the drogue. If any slack 
develops in the hose, it may start to whip because of 
its resilience and the changing air loads resulting from 
its deflection. This causes extremely high stresses in 
the hose, shortens the life of the hose, and may actually 
cause hose failure. In order to ensure that the hose 
remains taut during the contact, the hose reel must have 
a high rotational acceleration. This acceleration will 
be reduced when the hose becomes stiff due to low tem- 
perature. Contacts have been made 
down to —33°F. after a 1-hour cold soak. 


successfuly 
However, 


8) 


the door is open to anyone who can produce a more satis- 
factory hose. 

Let us investigate the effect of downwash upon the 
receiver airplane, irrespective of the equipment in use. 
Fig. 6 shows the effect of downwash from the tanker 
airplane on the receiver airplane flying a step-down 
formation behind the tanker. It may be noted that 
there is a main path of maximum downwash with a 
decreasing effect above or below this main area and 
with decreasing effect the farther the receiver airplane 
flies behind the bomber airplane. Both boom and 
probe and drogue refueling is done with the receiver in 
this disadvantageous position. The downwash causes 
a reduction in the service ceiling between identical 
airplanes of many thousands of feet. The effect of 
downwash is even more severe when a relatively slow 
airplane is used to refuel a jet receiver. The jet air 
plane is already penalized by being forced to refuel at 
a speed far below its normal cruising speed, which forces 
it to fly at a high lift coefficient. In this attitude of 
flight we say that the receiver is flying on the backside 
of its power curve. As the refueling proceeds, the re 
ceiver becomes heavier and its stalling speed approaches 
the maximum speed of the tanker. At the 
time, power is required to maintain an angle of climb 
equal and opposite to the downwash from the tanker 
At high altitudes and slow speeds, this amount of power 
is not available. 


Altitude must be sacrificed to reduce 
both the high lift coefficient of the receiver and the an 
gle of downwash from the tanker until enough power 
margin is available to maintain position. 
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From a design point of view, it would appear impera- 
tive that the receiver airplane be moved out to the 
side of the tanker airplane so that it would not be flying 
in the downwash of the tanker airplane. In actual 
practice, the Air Force has been conducting an opera- 
tional service test wherein the tip tanks of fighter air- 
craft are equipped with a probe, and one of the B-29 
tankers incorporates a multipoint refueling system with 
hose-reel units mounted both in the fuselage and on 
each wing tip. It can readily be seen that with this 
combination the fighters can make contact when flying 
outside of the downwash of the bomber. A notable in- 
crease in operational altitude has been reported when 
the receiver makes contact from this position as com- 
pared with the step-down position behind the tanker. 
Unfortunately, the practical use of this feature is lim- 
ited to relatively small fighter aircraft and particularly 
to those having straight rather than swept wings. It 
would be desirable if a B-47 or a B-52 airplane could 
be refueled with a wing-tip-mounted probe in contact 
with a wing-tip-mounted tanker hose-reel assembly. 
Unfortunately, with these airplanes, the wing tip is 
located so far behind the pilot, and so far distant from 
the pilot, that a practical refueling system based on this 
configuration does not appear to be within the realm of 
feasibility due to the lack of adequate vision for the 
receiver pilot. 

Turning from equipment development, what are some 
of the operational considerations? What kind of an air- 
plane shall be used for a tanker? Fig. 7 shows two 
graphs, located physically one above the other. Ex- 
amining the lower graph, which shall represent the re- 
ceiver airplane it is seen that it is essentially an economy 
graph—pounds of fuel versus radius of action. The 
maximum weight is the take-off weight; the minimum 
weight is the landing weight. By expending this weight 
of fuel the airplane is capable of proceeding out to the 
stated radius of action and returning to home base. Re- 
serve fuel is not considered in this particular problem. 
Above this graph is represented another airplane of iden- 
tical size and identical economy, which shall be the 
tanker. If these two airplanes are identical, they have 
the same radius of action. The graphs shown assume 
that fuel consumption is a straight-line variation with 
distance. While this is not actually true, it makes little 
difference for purposes of illustration. Proceeding from 
take-off, a point is reached where one-third the total 
weight of fuel has been expended in both airplanes. At 
this point the tanker may transfer one-third of its fuel to 
the receiver and proceed home. With this amount of 
fuel, the receiver may exceed its previous radius of 
action by one-third. Thus, if the airplanes are iden- 
tical, only a one-third increase in radius of action is 
gained by a flight-refueling operation where both air- 
planes are taking off and landing from the same base. 
It follows that any other tanker of smaller size having 
the same economy as the receiver airplane can transfer 
less fuel, and this therefore adds less range to the re- 
ceiver. If the tanker is too small, it is hardly worth 
using. If a receiver is too small, it will require a dis- 


proportionately large tanker to transfer the required 
amount of fuel to make good a maximum radius mission. 
If tanker and receiver are identical in size an inbound 
and outbound refueling will give a two-thirds range in- 
crease. It is axiomatic that, the shorter the range 
the tanker is required to fly, the more fuel it will have 
available for transfer to the bomber. Therefore, a 
double-refueling outbound will not give so great a 
range increase as the outbound-inbound scheme. Fur- 
ther, it can be shown that the same tanker can make 
both the outbound and inbound contacts with time to 
spare. Although inbound refueling has been con- 
ducted, its use presents a great risk, since the receiver 
will not be able to return to a friendly base if its equip- 
ment has received battle damage. 

From a dollars and cents point of view, the thought of 
using a tanker the same size as a bomber is still ab- 
horrent to some people. Examine Fig. 8, which is gen- 
erally known as the weight-range asymptote of an air- 
plane. <A simple graph is shown which indicates how 
the design weight of an airplane increases with an in- 
crease in design range. Pick a point at which the range 
and the weight are very great indeed. It is obvious 
that, if an airplane is selected of half this weight, it has 
a shorter range than the larger one. However, it can 
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also be seen that a one-third range increase by flight 
refueling would give this smaller plane a range as 
large as, or larger than, the extremely heavy weight 
airplane first selected. It happens that the airplane 
first selected falls in the category of the airplanes that 
are required today to accomplish a truly intercontinen- 
tal mission. It follows then that airplanes of half this 
weight can be built to accomplish the same mission 
as the large airplane if one refuels the other in flight. 
In considering attrition over the target, it should be 
lower than the large airplane because it presents a smaller 
target. In considering national resources, the small 
airplane is better, since only one-half the man-power 
investment is lost if the enemy’s interception is success- 
ful. This figure, then, presents the basis of the argu- 
ment that flight refueling is economical. 

If the two airplanes are identical, certain operational 
and logistical advantages will accrue which further the 
economical aspects of the plan. Assuming that the 
airplanes can be converted to tankers at will, a case 
the Air Force is now investigating in the B-47, the op- 
eration of the airplanes as either tankers or bombers 
can remain within the control of the same unit organ- 
ization, a squadron. The squadron commander can 
decide when to convert part of his force to tankers, 
depending on the mission he is ordered to fly. There 
fore no complex interorganizational planning is required. 
The entire success of the attack becomes a function of 
the unit commander. This relates also to a principle 
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of warfare, known as the “unity of command,” and 
is one of the prime essentials in organizing a successful 
attack. If the planes are identical, they can take off 
from the same fields and fly in the same formations, and 
the pilots can take turns being the tanker or receiver 
pilot. This builds esprit de corps. A system of op- 
eration where some men only fly the tankers and others 
the bombers does not build the same spirit. It is self- 
explanatory that, where identical airplanes are used for 
both tanker and receiver, the problem of logistics is 
halved. 

Nonetheless, there are many practical considerations 
in choosing the tanker airplane. The world-wide na- 
ture of the Air Force’s strategic mission assesses great 
importance to the role of a supporting cargo fleet. 
Assuming a condition where both the bomber and the 
supporting cargo fleet must deploy to an advanced 
operational base, it is possible to utilize this same 
supporting cargo fleet as tankers in support of 
the bombing mission. This is the concept leading 
to the development of the KC-97 cargo tanker. De- 
spite its practical nature, the plan has obvious short- 
comings. Cargo planes no longer have speeds even 
nearly comparable to that of the first-line bombardment 
airplanes. Fig. 6 showed that this produces a narrow 
compatibility range where the refueling operation may 
successfully take place. The altitude at which refueling 
may take place is also lowered. This introduces 
elements of descent, high fuel consumption during the 
refueling operation, and climb-back to altitude for the 
jet bomber. The airplanes respond to gusts differently. 
Worse still, there are certain compromises to the func- 
tion of the airplane. The cargo airplane must use a 
portion of its flight hauling cubage in order to provide 
fuel stowage in sufficient quantity to meet the demands 
of the bomber airplane. It introduces an element of 
rendezvousinto the refueling operations, since the slower 
tanker must take off many hours ahead of the bomber 
flight in order to rendezvous at the same time. The 
rendezvous itself is not considered serious, but delays 
and confusion due to airplane aborts are considered 
serious. The tanker flight also becomes extremely vul- 
nerable to attack unless the operation is conducted 
well outside the enemy combat radius of action. 

Air Force policy to date has limited the use of first- 
line bombardment aircraft as tankers. Recognizing 
the inadequacy in certain respects of a cargo tanker 
fleet, a third solution has been used to considerable 
extent. Second-line bombardment aircraft are rele- 
gated to a supporting role as tankers. In this category 
is found the KB-29M looped-hose and KB-29P flying 
boom tanker airplanes. 

The case for refueling tactical aircraft is a lengthy one. 
Suffice it to say that refueling may be used to increase 
the radius of action, to increase the bomb load, to in- 
crease the hover or patrol time in the target area, to 
provide a rescue service in case the home base closes 
in due to weather, and to increase the ferry range of the 
fighter. With long-range fighters, one fighter may be 
used to refuel the other. The Tactical Air Force has 
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supporting cargo airplanes that may be used as tanker 
aircraft. However, such use must be specially de- 
fined, as the fighter normally operates over the enemy 
front lines, eliminating any possibility of using a cargo 
plane as a tanker. Second-line bombardment aircraft 
may also be used as tankers in support of tactical 
aviation. 

Fig. 9 presents what are believed to be the elements 
that must be considered in order to provide the neces- 
sary features for a successful flight-refueling system. 
It is hoped that this paper will have served to substan- 


tiate the relative importance of the design elements 
indicated. 

The equipment may be simple; its scope remains 
complex. One thing is certain: flight refueling is no 
longer a stunt. Flight refueling has arrived. The 
Air Force has made over 120,000 refueling contacts. 
It is currently averaging over 7,500 contacts and trans- 
ferring 1,200,000 gal. of fuel per month. It appears 
that flight refueling shall remain a prominent part of 
the weapon systems business as long as conventional 
fuels are used to power the aircraft. 
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Turboprop Engines for Tomorrow’s Transport 


E. F. HEATON,* C. S. CONSTANTINO,+ and W. H. ZIEGLER? 
Wright Aeronautical Division, Curtiss-Wright Corporation 


INTRODUCTION 


pana TURBOPROP POWER PLANTS have already 
been installed in commercial aircraft, notably the 
Allison T-38 in the Turbo-Liner, the Rolls-Royce Dart 
in the Vickers Viscount, and the Bistol Proteus in the 
Brittania. The Viscount was placed in air-line service 
in 1952, while the Brittania is expected to go into service 
in 1954 or 1955. These airplanes have been progessing 
nicely in relative obscurity compared with the tremen 
dous fanfare given to the De Haviland Comet as the 
future transatlantic jet transport. It is perhaps signifi- 
cant that, despite all the publicity for the Comet, 
foreign air lines have placed larger future orders for both 
the Brittania and the Viscount than they have for the 
Comet. 


In contrast to this optimism of the British with re- 
gard to the future of the turboprop is the conservative 
approach taken by the American aviation industry. 
The general sentiment here seems to be that, while the 
Turboprop is potentially desirable, there are a great 
many practical difficulties to be overcome before it can 
be applied to civil aviation. Despite this general reluc 
tance, however, there are several more advanced turbo- 
prop installations underway, such as the turboprop 
powered Douglas C-124, the Lockheed C-130A, and 
Lockheed R7V-2. These models can be used to evalu 
ate and iron out the operational problems that are in- 
troduced with the turboprop power plant. 


The problem of selecting the power plant for the com- 
mercial transport of tomorrow is one that has received 
a great deal of attention over the past 7 years. The 
question has been complicated by the variety of power 
plants to be considered, such as the turbojet, the turbo- 
prop, and the compounded reciprocating engine. Each 
power plant poses its own particular set of problems 
which must be evaluated fairly in relation to those of 
the competing types of power plant. 

The relative performance of each type of power plant 
has been thoroughly analyzed in many previous papers. 
There is broad agreement among all the authors as to 
the portions of the flight spectrum where each type ex- 
cells in performance. The turbo-compound reciprocat- 
ing engine has demonstrated speeds of 400 m.p.h. at 
altitudes above 20,000 ft. and is recognized as having 
additional growth potential. 
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The turboprop prefers a speed range of from 400 to 
500 knots and provides good performance up to the 
sonic range and at altitudes from 20,000 to 40,000 ft. 
The preferred range of the turbojet is at flight speeds in 
excess of 500 knots. 

The differences of opinion that do exist as to the rela- 
tive merits of these power plants are with regard to the 
operational advantages of each type, to the probable 
state of development of each power plant at any future 
date, and to the importance of the development diffi- 
culties to be overcome on each type. Further differ- 
ences are introduced when an attempt is made to evalu- 
ate the price differential that a passenger would be will- 
ing to pay for a faster trip. This factor is at the heart 
of the question as to whether tomorrow’s transport 
should cruise at 400 knots or at 500 knots. 

The resolution of these questions will require an ex- 
tensive, thorough, and impartial review of all contribut- 
ing factors, which include performance, operation, 
maintenance, reliability, air-line economics, passenger 
comfort, and safety. 

Such a comprehensive review of this question is cer- 
tainly beyond the talents of the present authors, who 
wish to restrict their remarks to the current status of 
the turboprop engine, its advantages, and certain prob- 
lems that must be resolved in order to place it in a com- 
petitive position for tomorrow's 


powering trans- 


port. 


ADVANTAGES OF THE TURBOPROP 


The following is a brief résumé of the chief advantages 
of the turboprop engine, which have been discussed in 
detail by numerous authors during the past decade. 
It is not all inclusive but does list those items upon 
which there is apparent agreement by members of in 
dustry who have reported their thoughts on the sub- 
ject. 


Turboprop vs. Compounded Reciprocating Engine 


(1) The turboprop engine raises the power per engine 
limit from the present-day 3,000-4,000 s.hp. to pos- 
sibly 15,000 s.hp., thus making possible increases in 
aircraft size and speed without increasing the number of 
nacelles beyond the optimum. 

(2) The turboprop engine has considerably less 
frontal area and weight per equivalent shaft horsepower, 
and it achieves maximum efficiency at a higher per cent 
of take-off power, permitting optimum operation at 
higher altitudes. This, coupled with the use of cheaper 
fuel, results in reduced fuel costs at speeds above ap- 
proximately 400 knots. 
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Wright turbo-compound powers today’s transports 


(3) The reduced noise and vibration level of the 
turboprop results in greater comfort to the passengers 
and crew and less maintenance to the aircraft. 

(4) Turboprop engines of the future will probably be 
designed to operate on low-viscosity oils and will con- 
tain an integral oil system that eliminates the need for 
oil dilution and complex cold-weather starting proce- 
dures and also reduces the requirements for air to oil 
coolers and the attendant drag losses. 

(5) Compressed air will be avilable from the engines 
for cabin pressurization and aircraft deicing and as a 
power source for driving auxiliary equipment. 

(6) Improvements in design now under development 
(increased pressure ratio, increased turbine inlet tem- 
peratures, and transonic and supersonic propellers) will 
accrue additional advantages to the turboprop, par- 
ticularly with regard to fuel consumption and increased 
range and speed. 


Turboprop vs. Turbojet 


(1) The higher propulsion efficiency during take-off 
and the use of the propeller for braking during landing 
permit safe operation of the turboprop off shorter 
length runways. The reversible propeller also makes 
possible aborted take-offs and landings on icy runways 
as an added safety feature. 

(2) The fuel consumption of the turboprop is con- 
siderably less than that of the turbojet at speeds up to 
500 knots. This economy is available at lower altitudes 
for the turboprop which reduces the development 
problems involved in flying transports at 40,000 ft. and 
above. With transonic and supersonic propellers, it 
appears possible to extend this speed even beyond that 
considered feasible for the transports of the immediate 
future. 

(3) Because of its lower fuel consumption, the range 
of the turboprop-powered transport of a specified gross 
weight will be nearly twice that of the turbojet-powered 
transport of similar weight. 


(4) The noise level of the turboprop is less than that 
of the turbojet because of the lower velocity at which 
gases leave the jet nozzle. Although the noise and 


vibration due to the propellers have not proved to be 
objectionable to passengers to date, the effect of high- 
speed propellers has not been thoroughly evaluated. 

(5) Future improvements, such as increased pressure 
ratio and increased turbine inlet temperatures, will re- 
sult in even greater improvement to the performance of 
the turboprop engines than to that of the turbojet. 


CURRENT STATUS OF THE TURBOPROP POWER PLANT 


At the present time, development is in progress on 
turboprop power plants in all power classes ranging 
from 200 to 10,000 s.hp. Of the domestic power plants, 
the Allison T-38 and T-40 and the Pratt & Whitney T-34 
are perhaps the most widely known. The Allison 
engines have been installed in the Convair P5Y and 
the Turbo-Liner, and these installations have been 
thoroughly detailed in several papers. The Pratt & 
Whitney T-34 was released within the past year for 
commercial use. Likewise, the Curtiss-Wright Corpora- 
tion is actively developing turboprop engines; how- 
ever, security regulations restrict discussion to the state- 
ment that these engines are in a power class greater 
than any other turboprops now known to be under 
development. Another significant point is that the 
basic gas generator for these power plants is a highly 
developed unit. 

Fig. 1 shows several of the current British and Ameri- 
can turboprops for which data have been published. 
The fuel consumption of the Proteus at 0.51 approaches 
the fuel consumption of a normal uncompounded re- 
ciprocating engine. This is doubly significant, since 
the pressure ratio of the Proteus is fairly moderate. 
Several engines well advanced in development in this 
country are capable of substantially lower fuel consump- 
tion than the Proteus. Furthermore, other high pres- 
sure ratio engines now going into development will have 
lower fuel consumption than currently obtainable on the 
compounded reciprocating engine. 


THE TURBOPROP BASIC ENGINE 


To convert a turbojet engine to a turboprop engine 
basically requires modification to the gas turbine to 


CURRENT TURBO PROP ENGINES 


WT. WF. Wr. 
NAME /MODEL ESHP ESHP ESHP(SL.) ESHP(ALT) 


MANUFACTURER 

AMERICAN 

ALLISON T38 2750 45 63 oo 

ALLISON T40 5500 45 63 os 

ALLISON T56 3750 -- 

PRATT & WHITNEY T34 5500 48 61 “2 

CURTISS WRIGHT -- -- -- -- -- 

BRITISH 

ASM MAMBA 2 1480 52 73 * 67 
DOUBLE MAMBA! 2965 875 73 * 67 
PYTHON | 4550 76 77 « 60 

BRISTOL PROTEUS 2 3510 83 89 ee 51 

COUPLED PROTEUS 2 7020 102 69 oe 81 
ROLLS ROYCE DART 504 1515 60 83 -- 


*350 MPH 20,000 FT. ALTITUDE 
*°350 MPH 35,000 FT. ALTITUDE 


Fic. 1. 
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REQUIREMENTS OF A GOOD 
TURBO PROP CONTROL 


OPERATION AT ALL POWER CONDITIONS AT GOOD EFFICIENCY. 
SIMPLE , RUGGED, RELIABLE AND SERVICABLE. 

PROTECT ENGINE AND PROPELLER FROM DANGEROUS OPERATION. 
SATISFACTORY RATE OF ACCELERATION. 

SMOOTH MODULATION OF THRUST WITH PILOTS LEVER. 


Ap 


SLIGHTLY NEGATIVE THRUST AT FLIGHT IDLE DURING LANDING 
APPROACH. 

7. CONTROLLABLE REVERSE THRUST FOR ABORTED TAKE OFF AND 
BRAKING AFTER LANDING. 


8. PREVENT EXCESSIVE NEGATIVE THRUST AS A RESULT OF 
ENGINE FAILURE. 


Fic. 2. 


extract the additional energy from the gas stream and 
the incorporation of a reduction gear to transmit this 
energy to the propeller. The turboprop turbine, while 
differing from the turbojet turbine in number of stages 
and in load distribution, is based on the same design 
principles and practices. Its development has been 
found to be equally straightforward. The development 
of a reduction gear of high step-down ratio capable of 
delivering large horsepower outputs likewise has not 
been found to be difficult for the engine companies who 
have had previous reduction gear experience. 

The conversion of a turbojet gas generator to a 
turboprop does involve some other secondary problems 
that require attention. Most new turboprop engines 
have close-coupled reduction gears with annular air 
intakes around the reduction gear housing. Careful 
consideration must be given to anti-icing in this air 
passage ahead of the compressor intake. Another 
problem to be considered is the mounting problem, 
where the loads in the turboprop installation are much 
greater than in the turbojet. 

The conversion of a turbojet gas generator to a turbo- 
prop, therefore, is relatively straightforward and fairly 
free from unexpected difficulties. It is worthy of note 
that such a conversion will, in general, provide almost 
three times as much take-off thrust at sea level and 
approximately one-third less fuel consumption at 30,000 
ft. up to speeds of 435 knots than the parent turbojet 
engine. 


TURBOPROP ENGINE DEVELOPMENT 


One of the important barriers to more rapid progress 
of the turboprop, particularly here in America, has been 
the lack of sustained development effort compared with 
that expended on turbojets. Most of our power-plant 
developments in this country have been supported 
primarily by the military. Most military aircraft place 
a heavy premium on speed, often to the exclusion of 
other factors. It is, therefore, natural that the develop- 
ment of turbojet types would receive much greater 
priority than turboprop power plants. This fact is often 
used as a basis for the belief that the turbojet would 
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always be in a more advanced state of development and, 
hence, would be more efficient than the turboprop. 

This contention is most valid at the present time 
when both types are more or less in their infancy and 
where the disproportionate results of this practice are 
large. However, the differences in turbojet and turbo- 
prop engines are not great, consisting mainly in the 
development of reduction gears and controls for the 
turboprop engines. Most of the advances in the turbojet 
engine are therefore being incorporated in the turboprop 
power plants almost simultaneously, and the component 
performance of both types will become more nearly 
alike in the future. Furthermore, future developments 
in the fields of high pressure ratios and high combustion 
temperatures result in greater performance improve 
ments to the turboprop than they do to the turbojet. 

Nevertheless, if the turboprop is to fulfill its poten- 
tial, a more sustained development effort must be pro- 
vided. There are development problems peculiar to 
this type of power plant that can only be overcome by 
flight and service testing. 


THE TURBOPROP CONTROL 
Requirements of the Control 


If a turbojet can be converted so simply into a turbo 
prop with such excellent results, why then do we not 
have more advanced turboprops flying at the present 
time? The answer lies in the control problems and cer- 
tain operational problems that are introduced with the 
turboprop power plant. The addition of a variable- 
pitch propeller to the basic jet results in another degree 
of freedom. It is natural that the problems of control 
should be somewhat more complex. The turboprop 
control problems have been serious and often perplexing, 
and where they have not been appreciated, they have 
on occasion led to disaster. The nature of these diffi- 
culties, however, is no mystery and, like any other engi 
neering problem, yields to analysis and development. 

Before we attempt to consider these particular difi.- 
culties it may be desirable to outline what we should ex 
pect of a good turboprop control system. (See Fig. 2.) 
First of all, we would like to have this system provide 
for operation at all power conditions from minimum to 
maximum as near to the optimum overall efficiency 
points as possible. Second, we should prefer our con- 
trol system to be simple, rugged, reliable, and service 
able. But, most important of all, we must insist that, 
under any and all flight conditions, it protect the air- 
plane and the engine-propeller combination from any 
dangerous operation. 

Some of the operating regions that are dangerous to 
the engine are those where overspeed, overtemperature, 
or compressor surge can be encountered. Adequate 
protection against these conditions must be provided 
in the control for both steady-state and transient con- 
ditions. The transient or accelerating schedule, how 
ever, must not unduly compromise the rate of accelera- 
tion. Another protective feature to be built into the 
control system is a propeller shaft torque limiter. Most 
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turboprop power plants have their reduction gears sized 
for nearly standard day performance and, hence, cannot 
absorb the maximum power that the gas generator can 
deliver on a cold day. 

With regard to the airplane, it is essential that at all 
times the thrust output of the propeller-engine com- 
bination be stable and capable of rapid and smooth 
modulation with the pilot’s lever. Discontinuities and 
dead bands in thrust in response to motion of this lever 
can lead to confusion on the pilot’s part and subsequent 
loss of control of the airplane. It is also desirable that 
the thrust developed with the lever in the flight idle 
position be slightly negative to permit a satisfactory 
approach to the field. Since the basic gas generator 
output is noticeably sensitive to changes in ambient air 
temperature and air bleed for anti-icing cabin pres- 
surization, etc., it is essential that this flight idle thrust 
setting be maintained fairly constant despite changes 
in ambient air temperatures and bleed air require- 
ments. It was mentioned previously that the accelera- 
tion characteristics of the engine must not be compro- 
mised. Rapid restoration of thrust on a landing go- 
around requires almost instantaneous acceleration from 
flight idle to military speed and power. Another con- 
sideration for aircraft safety is the need for controllable 
reverse thrust to abort a take-off when required and to 
land on icy runways. 

The requirements for simplicity, ruggedness, and 
reliability also cannot be overemphasized. The safe 
and controllable operation of the turboprop engine de- 
mands complete reliability of the control components. 


Description of the Control 


While many different approaches can be taken to 
obtain the control objectives described above, experi- 
ence and development have narrowed down the methods 
considerably. The system that will be described herein 
is one that with variations is now being applied to most 
of the active turboprop projects and is therefore the 
method that will receive the greatest developmental 
effort in the next few years. 

In this system two different régimes of operation are 
provided—one for all flight conditions and the other 
for ground handling. (See Fig. 3.) For both régimes, 
the propeller and fuel controls are coordinated through 
a single power lever. In the flight régime, engine r.p.m. 
is governed by changes to propeller blade angle, and the 
power setting is established by the fuel control, gener- 
ally at a point close to the optimum efficiency setting. 
While several types of fuel control are in use, the most 
useful appears to be those that determine the engine 
airflow by measuring inlet air temperature, compressor 
r.p.m., and compressor discharge pressure. Having 
determined airflow, the control meters the fuel to arrive 
at a prescheduled turbine inlet temperature. Such a 
control incidentally can maintain fairly uniform turbine 
inlet temperature with varying quantities of compressor 
air bleed. This control must also incorporate a suitable 
acceleration schedule to provide maximum acceleration 
while protecting against surge and transient overtem- 
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perature. In addition, the fuel control must have over- 
speed protection in case of a propeller governing failure, 
as well as the ability to reduce fuel flow when the engine 
torque exceeds permissible limits. 

For ground handling, where both positive and nega- 
tive blade angles are required, it is no longer practical to 
govern with the propeller. For this régime, therefore, 
the propeller blade angle is positioned as a function of 
the pilots lever, while the fuel flow governs to the 
scheduled r.p.m. This permits the scheduling of posi- 
tive thrust as required for taxiing and reverse thrust for 
braking the aircraft after landing. 

To prevent operation in the ground régime portion 
of the pilot’s lever when in flight, a suitable lockout gate 
is required. Furthermore, the blade angle scheduled 
in the ground-handling régime at the gate must be the 
same as the governing blade angle at touch-down speed. 
If this precaution is not taken, thrust discontinuities 
can be produced when going from one régime to the 
other. 


The Approach Condition 


Since it is expected that tomorrow’s transport will 
be designed to operate at much higher flight speeds than 
those of today and will therefore have a much flatter 
glide angle in its approach to the field, it becomes 
doubly important for the control to provide charac- 
teristics acceptable during this approach condition. 
Basically, the aircraft will need a slight negative thrust 
during these conditions in order to increase the angle of 
glide and permit approach over high obstacles, as well 
as enable the pilot to better target the landing at the 
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beginning of the runway, thus minimizing the danger 
of overshoot and subsequent go-around. It is also 
desirable that the thrust produced by the engine-pro- 
peller combination during the approach condition be 
consistently repeatable regardless of variation in ambi- 
ent air temperature and per cent bleed from the com- 
pressor. Another requirement in the case of multi- 
engined aircraft will be that the thrust from each nacelle 
be equal or nearly equal to minimize the asymmetrical 
thrust problem. The most important requirement, 
however, is that the control provide stability with no 
oscillations in power and thrust. Failure to appreciate 
this last requirement has in the past led to serious prob- 
lems during the landing of certain aircraft. 


The problem of supplying negative thrust during the 
approach condition is fairly straightforward. Basically, 
it is a matter of scheduling a certain engine speed and 
blade angle so that during the approach condition the 
propeller absorbs power from the air rather than absorb- 
ing power from the engine. Under these conditions the 
net thrust experienced by the aircraft will be the dif- 
ference between the negative thrust from the propeller 
and the slightly positive thrust from the jet. This 
method is straightforward and is utilized by turboprops 
flying today. Where provision has been made in the 
engine for decoupling or for control feathering to elimi- 
nate the negative thrust problem (discussed in greater 
detail later), some difficulty may be experienced in pro- 
viding the optimum amount of negative thrust during 
this approach condition. This problem is solved by 
biasing the action of the decoupler or negative thrust 
device so as to operate at a small value of negative 
torque (for example 5 or 10 per cent instead of zero 
torque). 


The problem of asymmetrical thrust is due to the 
fact that one engine produces more or less thrust than 
an engine in another nacelle. This condition results 
from the accumulation of tolerances in the control cable 
linkages and in the fuel controls and propeller controls 
themselves. The best that can be done is to recognize 
this problem before designing the components and to 
make a special effort to minimize the tolerances at this 
particular condition of operation. Small values of 
asymmetry are not expected to be objectionable and can 
be almost entirely eliminated by the pilot in his ap 
proach pattern by adjusting power lever positions. 

We now come to the important requirement of having 
to supply a consistently repeatable thrust regardless of 
variation in ambient air temperature and per cent air 
bleed. The most satisfactory solution of the problem 
would be for the control to schedule a constant engine 
speed and a constant propeller shaft torque. Under 
this condition the operation would be to hold constant 
speed with the propeller governor, to set torque on one 


engine, and for the other engines to be automatically 
equalized by adjusting fuel flow. This system would re- 
quire a torquemeter signal to influence fuel flow and for 
this reason is not recognized as a satisfactory solution 
to the problem. It involves an extremely accurate, 
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highly responsive, and fully reliable torquemeter, as 
well as a more complex control system. 

There are three solutions to the problem now in use 
both here in America and in Great Britian. Régime A 
(Fig. 4) is one being used by British engine manufac- 
turers. It operates on the principle that the propeller 
governor schedules a constant engine speed and that 
the fuel control schedules fuel to the engine which will 
give zero power on a standard day at zero knots. This 
system has no compensation for ambient temperature 
and requires fuel control adjustment for changes in 
these values. It can be seen that with a temperature 
change from 59° to 120° this system results in a slightly 
positive thrust that is not satisfactory. A reduction in 
ambient temperature to zero degrees results in large 
values of negative thrust which increase with reduction 
in speed requiring jockeying of the power lever during 
landing. This is both undesirable and dangerous. 

Another solution is shown as Régime B (Fig. 5) in 
which case a propeller governor schedules a constant 
engine speed and the fuel control schedules a fuel flow 
that compensates for variations in inlet air tempera- 
ture. This method, in effect, maintains constant burner 
temperature and results in extremely large variations in 
thrust with ambient temperature. This system would 
result in serious operational problems in a transport 
scheduled to fly between airports subject to large varia- 
tions in ambient air temperature. 

A third solution to this problem is presented as 
Régime C (Fig. 6). In this solution the propeller gover- 
nor schedules and maintains a constant engine speed, 
and the fuel control schedules the necessary fuel to 
maintain a desired per cent of power with a certain air 
bleed condition at the expected touchdown speed of the 
aircraft. As can be seen from the figure, the thrust 
variation from minus 65° to plus 120° is relatively 
small at all approach air speeds. This can be accom- 
plished without undue complication to the control system 
and can be made to provide perfectly stable operation 
of the engine. 


The Landing Condition 


Under normal landing conditions it is desirable to 
reduce the speed of aircraft to that required for taxiing 
in as short a time as possible commensurate with pas- 
senger comfort and structural safety. In the turboprop- 
powered aircraft this can be accomplished successfully 
with a reversible-pitch propeller to supply high values 
of negative thrust after touchdown. 

As desirable as this feature is in normal landings, it 
becomes an essential safety feature during the following 
abnormal landing operations: 

(1) Overshoot on a short runway. 

(2) Landing on an icy runway. 

(3) Landing with jammed or inoperative flap control 
system. 

With regard to this last situation, it is interesting to 
compare the thrust characteristics of a turbojet-powered 
aircraft of today with that of a turboprop incorporating 
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a reversible propeller. From Fig. 7 it can be seen that 
in the emergency landing condition the jet engine will 
supply from 5 to 10 per cent positive thrust, whereas 
the turboprop can develop negative thrust equal to 
150 to 200 per cent of its static take-off thrust. 

It is recognized that the above comparison will not 
hold true for tomorrow's jet-powered commercial 
transport. The importance of increased safety under 
the landing conditions described above is paramount, 
and it is considered unlikely that a transport will be 
acceptable for large-scale commercial use unless some 
provisions are made for reverse thrust. In the case of 
the turboprop engine, the reverse thrust provisions 
have been inherited from reciprocating engine practice 
and are considered to be reliable and well developed. 
In the case of the turboiet, the devices that have been 
proposed have yet to be proved acceptable as a design 
and are confronted with an extended development 
program. 


NEGATIVE THRUST PROBLEM 


Another problem that has been found to be extremely 
serious in controlling the turboprop-powered aircraft is 
one that occurs when there is a sudden burner blowout 
or a structural turbine failure resulting in’ the complete 
inability of the turbine wheel to extract power from the 
gas stream. When this occurs on an engine equipped 
with the control that has been recommended above, the 
immediate result is for the compressor and propeller 
combination to reduce speed. (See Fig. 8.) The pro- 
peller, however, senses this, and the propeller governor 
calls for a reduced blade angle in an effort to maintain 
the speed scheduled by the throttle lever position. This 
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reduction in blade angle will continue until a stable 
speed is achieved or until the low pitch stop is reached. 
This can result in a high negative thrust being imposed 
on the aircraft. This negative thrust is a result of the 
parasitic drag of the low pitched propeller and the power 
that it extracts from the air stream in order to drive the 
compressor. The value of the negative thrust developed 
under certain flight conditions can be extremely high, 
imposing dangerous structural loads and/or completely 
upsetting the control of the aircraft. This is what is 
frequently referred to as the negative thrust prob- 
lem. 

The seriousness of this problem insofar as the safety 
of a particular aircraft is concerned depends, of course, 
upon the value of the negative thrust developed and the 
attitude of the plane at the time of failure. From the 
standpoint of aircraft attitude, there are three condi- 
tions of particular interest. They are: during take-off 
and initial climb, approach and landing, and the sta 
bilized flight condition during which the maximum 
value of negative thrust can be developed. The first 
two concern themselves with the conditions under 
which loss of control would almost certainly result in 
disaster. The last one is concerned primarily with the 
structure of the aircraft and the loads that it must be 
designed to withstand. The value of the negative thrust 
which will be developed depends upon the forward speed 
of the aircraft, the rapidity with which pitch change is 
accomplished, the minimum pitch angle stop setting, 
the altitude, and the power lever setting. The maxi- 
mum value will be encountered at a high forward speed 
and low altitude, with a rapid pitch change mechanism, 
a low minimum pitch angle stop setting, and a high 
power lever setting. Under these conditions negative 
values in excess of twice the take-off static thrust can be 
developed. Under conditions of take-off or landing 
where forward speeds are reduced, the values are re- 
duced. However, they are still of sufficient magnitude 
to cause loss of control of the aircraft. It is well under- 
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stood by all concerned that this is a serious problem 
and must be overcome at all costs. 

From the above it would appear that possible ways of 
reducing the seriousness of the problem would center 
around the rate of pitch change and/or a variable 
minimum pitch angle stop. With regard to the rate of 
pitch change it might be argued that, if it were made 
sufficiently low, the transition from positive thrust to 
negative thrust might be made to extend over a suffi- 
ciently long period of time to allow the pilot to diagnose 
the problem and to apply corrective action—such as 
manually feathering the propeller. Thisis unsatisfactory 
for several reasons. The two most important are that 
it imposes an excessive burden on the pilot and that the 
turboprop engine requires a high rate of pitch change to 
accommodate other operational and control require- 
ments. 

It has also been suggested that the minimum low 
pitch stop can be made to vary with the flight attitude 
of the aircraft and the power lever position so as to 
minimize the value of the negative thrust produced. 
This has some merit but adds complication to an 
already difficult control design and development prob- 
lem. At best it would reduce the value of negative 
thrust. Inasmuch as reliable solutions are possible 
which can eliminate the problem, it hardly appears to 
justify the expense and effort required for its develop- 
ment. 

There are three practical solutions to this problem 
which are being developed at the present time. They 
are: (1) the free turbine, (2) automatic decoupling, 
and (3) controlled feathering. In the free turbine solu- 
tion, the compressor and the propeller are no longer 
mechanically coupled. The compressor is driven 
through the outer shaft by one turbine, while the pro- 
peller is coupled to the low-pressure turbine by a second 
concentric shaft. This arrangement minimizes the 
negative thrust developed and has been successful in 
the Bristol Proteus engine. There are, however, some 
additional considerations on the debit side of the ledger. 
First, it has been reported that this system requires a 
propeller with an extremely high rate of pitch change to 
prevent overspeeding when going into reverse pitch 
for braking. Second, the application of this solution to 
twin spool high pressure ratio engines results in three 
concentric shafts with insoluble difficulties with regard 
to shaft stiffness, bearings, and seals. No twin spool 
designers are known which have attempted this free 
turbine solution. For this reason most American engine 
manufacturers have not favored the free turbine solu- 
tion. 

An alternate solution to this problem can be provided 
by automatic decoupling. With this method a mechani- 
cal device decouples the propeller from the compressor 
whenever the propeller attempts to drive the compres- 
sor. This mechanism must be so constructed that the 
shafts are automatically re-engaged whenever positive 


driving torque is restored. For optimum approach 


characteristics, some steady-state negative torque is 
desirable. Hence, it is preferable to have the auto- 
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matic decoupling take place at some nominally small 
negative torque value rather than at zero torque. The 
design and development of lightweight, fully automatic 
decoupling devices is actively under way by several 
engine manufacturers. These devices, when perfected, 
would provide a fully reliable mechanical solution to 
the problem of high negative thrust. 

The third method of handling negative thrust is that 
of controlled feathering. This particular solution is the 
one that has received the greatest attention to date both 
here and in England. With this system a device is 
built into the reduction gear which recognizes when the 
torque has become negative or when the propeller has 
begun to drive the compressor. This mechanism pro- 
duces a motion of a mechanical link which can energize 
the feathering circuit of the propeller. The feathering 
circuit is kept energized only so long as the negative 
torque is present. When the positive driving torque is 
restored, the feathering circuit is de-energized and the 
propeller is restored to its governing system where the 
blade pitch is varied to control speed. In the case of 
flame-out or turbine failure, several oscillations from 
negative to zero thrust take place as the propeller blade 
progresses to its new position. As can be seen from 
Fig. 9, this transition takes place rapidly but reduces 
the maximum value of negative thrust produced to 
approximately 8 per cent of the static take-off thrust 
for the condition shown and levels out at approximately 
5 per cent. This value can be further reduced at the 
pilot’s leisure by manually feathering the propeller and 
stopping the engine with the engine brake if provided. 


SUMMARY 


In summary, it can be said that in certain speed 
ranges there are distinct advantages to a turboprop- 
powered transport over that powered by either the re- 
ciprocating engine or turbojet engines. With the de- 
velopment of higher pressure ratio and higher turbine 
temperature turboprop engines and the use of transonic 
and supersonic propellers, this useful flight spectrum 
will be expanded, improving fuel consumption at low 
speeds and increasing range, as well as decreasing the 
present speed advantage held by the turbojet. De- 
velopment of the turboprop engine has proceeded at a 
more rapid pace in other countries than here in America, 
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where the major effort has been expended on the turbo- 
jet programs. The introduction of American turboprop 
power plants in production versions of both military 
and commercial aircraft is scheduled for the near future 
and is indicative of the progress that is now being made. 
The principal problems facing the turboprop power 
plant are the development of a satisfactory, reliable, 
control system and an acceptable solution to the nega- 
tive thrust problem which does not impose excessive 
limitations on engine design. Both of these are under- 
stood today, and solutions are available. Development 
work is still required, however, before these solutions 
can be sufficiently well proved for the turboprop to be 
considered as the engine to power tomorrow’s transport. 
This can only be accomplished by additional flight test- 
ing. If itis to be accomplished soon, it will require con- 
tinued support and sustained interest in the develop- 
ment of turboprop engines, controls, and propellers. 


College Park, Md. 


Conference on Supersonic Flow 


An unclassified Conference on Supersonic Flow will be held in the Mathematics Building, 
University of Maryland, from 9: 30 a.m. to 5:00 p.m. on March 19-920, 1954. 


Information concerning the Conference may be obtained from Dr. E. L. Resler, Associate Re- 
search Professor, Institute of Fluid Dynamics and Applied Mathematics. University of Maryland, 
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Design of the Transport Helicopter. 


DAVID E. POSTLEt 


Mohawk Airlines, Inc. 


DISCUSSION 


-” ALL SCIENCES TODAY, I think we should acknowl 
edge that, while we are never too sure of what we 
think we know, it is what we do not know that is likely 
to prove the most embarrassing. This statement is 
particularly true in the transport helicopter field at 
this time, for no one has had any experience in the 
type and scope of scheduled helicopter passenger serv- 
ice that must be undertaken in the near future. 

In spite of the fact that the scheduled air lines have 
rolled up a vast backlog of experience in operations, 
judging by the current controversy, it is difficult to 
clarify many of the requirements in the design and 
application of the jet-powered transport in the fixed- 
wing field. 

In attempting to define clearly the requirements for 
the transport helicopter, however, we are dealing not 
only with an entirely new market in the short-haul 
field but also with many additional unknown factors 
that are not substantiated by experience. 

Perhaps more than any other air line, Mohawk—one 
of the most successful of the 14 local service carriers 
has devoted a great deal of study of the transport 
helicopter and its application to our route system. We 
are convinced that the helicopter is the one vehicle 
that will do the job that needs to be done in intercity 
transportation. Therefore, we are deeply interested in 
the design of the machine that is so vital to our opera- 
tions and to the type of scheduled transportation we 
must provide. Based on our experience in the local 
service field and as a result of our extensive studies of 
the helicopter, I shall set forth as clearly as possible the 
design features that we believe must be incorporated in 
the transport helicopter, as well as the reasons therefor, 
in order that it may be successfully applied to scheduled 
air transport operations. These features are set forth 
as we see the requirements today, with full realization 
that time, development, and actual experience with 
the machine undoubltedly will change some of these 
concepts. 

The flight characteristics of an aircraft determine the 
type of operation in which it may be profitably utilized. 
In this respect, the role of the helicopter in air transpor- 
tation is clearly defined for some years to come, for it is 
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especially qualified to provide transportation within the 
short-haul travel market. In order that we can tailor 
the design of the helicopter for this important sphere of 
operations, it is essential that we clearly understand 
the meaning of the term ‘“‘short-haul market”’ insofar as 
operations are concerned. 

The scheduled trunk air lines have specialized in 
long-haul travel of more than 400 miles. In the 12- 
month period ending June 30, 1953, the average length 
of passenger journey on our trunk air lines increased to a 
new high of 540.7 miles, which may be compared with 
the 195.3 miles average passenger journey on the 14 
scheduled local service lines. Average length of 
passenger journey on Mohawk Airlines during the 
same period was only 167.5 miles, but this figure is 
significant in that we have achieved a service that can 
be termed “‘short-haul’ with today’s DC-3 aircraft. 
It has been estimated that almost 25 per cent of the 
trunk air-line passengers travel within the 100—199- 
mile bracket, and another 20-odd per cent is within the 
200-299-mile bracket. In contrast, 80 per cent of 
Mohawk’s traffic lies within the 125—200-mile bracket, 
and 7 per cent falls within the 25—99-mile bracket. 

The efficiency of trunk air-line service increases as the 
average length of passenger journey is extended. In 
the local service industry, we realize that our future lies 
in our ability to reduce the average length of passenger 
journey. In fact, it is only by the reduction of this 
factor that we can achieve a significant penetration in 
the short-haul market. More specifically, with the 
transport helicopter, we must reduce average length of 
passenger journey to the 50-80-mile bracket, and the 
present average revenue per passenger for local serv- 
ice air lines must be reduced from $11 to $4.00 or $6.00. 
If this can be accomplished with the helicopter, air 
transportation—for the first time—will compete with 
the railroad, the motor bus, and even the private 
automobile. 

This, then, is the so-called ‘‘short-haul travel market’ 
within which the transport helicopter is destined to 
play an important role in air transportation, and we 
must bear these factors in mind in designing the ma- 
chine to serve that function. 

In my opinion, short-haul transportation with the 
helicopter will be conducted within two classifications: 
first, the metropolitan type of transportation conducted 
within an approximate radius of 50 miles from a large 
city, with helicopters operating over a series of radial 
routes extending to the surrounding suburban com- 
munities; and second, the intercity or local service 
type of transportation wherein helicopters will link the 
smaller cities together on routes between major ter- 
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minals, such as one of the Mohawk routes connecting 
Buffalo, Albany, and Boston. While the metropolitan 
type of helicopter service has a considerable potential, 
our studies lead to the conclusion that the greatest 
and most productive role of the helicopter will be in the 
intercity type of operation. 

From the trunk air lines, the local service air lines 
inherited the DC-3, which was originally designed for 
trunk air-line operations when average length of pas- 
senger journey was considerably less than it is today. 
It was the local service industry that introduced re- 
tracting steps in the entry door; 2- to 3-min. stops for 
loading and unloading passengers; carry-on baggage 
facilities and practices; the stopping of only one engine 
while loading at the passenger gate; the operation of 
passenger stations with the minimum of personnel; 
and efficient run-up, taxiing, and other procedures 
that—even today—either are not understood or not 
practiced by the trunk air lines. These features and 
procedures are vital to short-haul transportation and 
the reduction of overall operating expenses. As the 
transport helicopter comes into scheduled operations, 
the infiltration of and additional methods of 
short-cutting costs and the efficient handling of pas- 
sengers will become increasingly important. 

The local service airlines are deeply concerned that 
they have a hand in the development of the transport 
helicopter, for they cannot again inherit a ‘‘second- 
hand” aircraft that was originally designed for trunk- 
line thinking and operations. For this reason, and 
because the helicopter is so clearly marked for short- 
haul transportation, the suggestions of the local service 
industry, with its more closely related experience in the 
development of this new market, should provide the 
most valuable yardstick in the design of the transport 
helicopter. 


new 


As a part of the overall problem of operating heli- 
copters in scheduled air service, we must face the reality 
that for some time to come the direct operating expense 
of the helicopter will be more than that of the fixed- 
wing transport of comparable capacity. Likewise, 
the matter of indirect expenses of helicopter passenger 
service is no small problem, and its solution will not be 
easy. Short-haul operations 
stations and personnel. 


require more ground 
As average block distances 
are reduced, indirect costs mount at a rapid rate. 
Briefly, the problem of reducing direct operating costs 
rests primarily in the hands of the helicopter manufac- 
turers, while that of indirect costs must be solved by 
the air lines. The solution of these matters will be 
found only in the close cooperation of the helicopter 
manufacturers and the air lines, as well as a clear un- 
derstanding of each other’s problems, and I have every 
confidence it will be done. 

Fortunately, in the matter of direct operating costs, 
some of the unique flight characteristics of the heli- 
copter accrue to its advantage over fixed-wing equip- 
ment. For example, it can operate safely at low 
altitudes and thus eliminate expensive climb to op- 
erating levels that are prohibitive in short-haul opera- 


tions; it need not be subject to delays or circuitous 
routing often required by air traffic control; it need 
not fly extra miles in aligning its approach and departure 
paths with specific runways; ground taxiing can be 
practically eliminated; frequent stops can be made at 
greatly reduced cost per stop; and wheels, tires, and 
brakes will receive the minimum of wear and tear. 
These are important features of the helicopter from an 
operating point of view. 

Before setting forth specific design features of the 
transport helicopter, and as a part of this overall air- 
line operating point of view, I would like to mention 
one other factor—safety. The scheduled air lines of 
the United States have achieved an outstanding record 
of safe operations. Analysis of the accidents that have 
occurred in air-line operations reveals that the majority 
occur in the vicinity of airports, either on approach 
or departure. Because local service air-lines land more 
frequently per route-mile operated, their exposure to 
possible accident is greater than in trunk-line opera- 
tions. For this reason, I feel that the local service 
air lines have achieved a particularly commendable 
safety record. However, with the introduction of the 
transport helicopter to scheduled service, we must re- 
member that the frequency of landings will be stepped 
up considerably and that a larger percentage of all 
flights will be operated over congested areas. Mark 
well this point—the public will not accept helicopter 
services presently planned, nor will any air line con- 
sider the helicopter as a replacement for its fixed-wing 
aircraft, if safety of operations is to be compromised in 
any manner whatsoever. 


GENERAL CONFIGURATION 


Now, in speaking of the transport helicopter, let us be 
clear as to the type of machine under consideration. 
First, it must have multiengined power, with sufficient 
reserve power to proceed safely with full gross load in 
the event one of its power units fails. Second, it 
should have a seating capacity of not less than 30 
passengers. Third, provision should be made for a 
crew of three—a Captain, Copilot and Flight Agent. 
Fourth, it must have adequate provision for passenger 
baggage, cargo, and mail. Fifth, it should have a fuel 
range of approximately 200 miles. 

I am sure that no one engaged in air-line operations 
today will question the need for multiengined power for 
scheduled passenger operations. With single-engined 
machines, safety will require operations to be restricted 
in order that a safe landing with passengers can be 
accomplished by any time. Such restrictions will 
preclude scheduling of flights during the hours of dark- 
ness over almost all types of routes. Unless a weight 
penalty is accepted for flotation gear, the single-engined 
helicopter must be operated at an unfeasible altitude 
over all water areas. Flight paths will continue to be 
circuitous over congested areas, and, certainly, in- 
strument operations cannot be attempted with only 
one engine. In short, the necessity of completing 
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schedules under all operating conditions automatically 
eliminates the single-engined helicopter. Further- 
more, it has been established by experience that the 
public will not accept single-engined flight equipment 
for scheduled air-line operations. 

Mohawk has concluded that the ideal capacity of the 
transport helicopter engaged in intercity operations is 
one that will seat between 30 and 40 passengers. This 
figure has not been “‘pulled out of a hat.’’ It is the re 
sult of extensive helicopter operating cost and revenue 
studies geared to our experience in local service fixed 
wing operations. With a machine seating less than 30 
passengers, seat-mile costs will be too high to permit 
establishing existing or nominal passenger tariffs over 
distances presently served with the DC-3, even if we 
take credit for limousine fares at each end of today’s 
air-line journey. 

While some operators have planned on the 16-20 
place helicopter for the metropolitan type of operation, 
I believe that related seat-mile costs and the required 
passenger tariffs for such a helicopter will preclude 
sufficient penetration in the short-haul passenger 
market. In fact, it is difficult to forecast profitable 
operations, without excessive mail pay or some subsidy, 
in any type of scheduled passenger service with a ma- 
chine providing less than 30 seats. The theory has also 
been advanced that smaller helicopters operated on 
trequent schedules will provide the answer to short 
haul operations. Mohawk’s experience clearly shows 
that this assumption is not correct, for successful short 
haul passenger service is the result of a delicate balance 
between properly timed schedules at the hours people 
desire to travel, adequate capacity of the aircraft at 
peak travel hours, and load factors on each schedule 
operated. The moment the combination of these three 
factors becomes unbalanced, operating losses result. 

When helicopters are operated on certain high-density 
routes, such as between New York and Philadelphia, 
it is probable that the desirable transport helicopter 
should have provision for at least 40 to 50 passengers. 


Thus, with these considerations in mind, it appears 
that we should have two sizes of multiengined transport 
helicopters, one providing 30 to 40 passenger seats, 
and the other having not less than 40 to 50 seats. 
Each of these transport helicopters should have their 
prorated accommodations for passenger baggage and 
cargo, but the desired fuel range will be about 200 miles 
in each case. 


I prefer to leave the question entirely in the hands of 
the helicopter manufacturers as to whether the trans 
port helicopter should have one large main rotor, a 
tandem rotor system, or intermeshing rotors. Each 
configuration has its advantages; each has its dis- 
advantages. Assuming that initial investment, main- 
tenance, and overhaul costs, as well as parts replace- 
ment, are equal and provided one configuration does not 
impose an undue weight penalty over the others, then 


insofar as the operator is concerned—it is performance 


that counts. 
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There is one extremely important condition that must 
be met in the transport helicopter. Center-of-gravity 
travel must be kept within permissible limits under 
any condition of indiscriminate loading. Passengers 
do not understand the need for blocking off certain 
passenger seats under certain conditions, the air line 
cannot extend its scheduled 2-min. stops for loading 
passengers and some cargo, while the crews decipher 
complex loading charts. Nor is it practical to transfer 
fuel from one tank to another or shift cargo in order to 
trim the ship. Thus, it is essential that a passenger 
may select any seat for his trip and that any normally 
expected load placed within the cabin—as long as it is 
within the gross limitation of the aircraft—will not dis- 
place the center of gravity beyond permissible limits. 


PERFORMANCE CHARACTERISTICS 


There are certain operating precepts regarding the 
transport helicopter in scheduled service which have a 
bearing on specific performance required: first, that 
there are no apparent conditions of safety that would 
require operation of the helicopter at more than 2,000 
ft. above the ground, and that enroute altitudes 1,000 
ft. or less are preferable for short-haul service; second, 
that, except for momentary hovering close to the 
ground immediately preceding landing or following 
take-off or unless an emergency requires the maneuver, 
there is no reason to include hovering in standard air 
line procedures and practices; and third, that con 
sideration of ‘‘power-off’’ autorotational character 
istics is of minor importance when we consider the 
multiengined helicopter. 

Even though direct operating costs per aircraft-mile 
are somewhat in direct ratio to cruising speed, high 
speeds over short-haul distances do not produce the 
saving in time expected. Mohawk is not so much 
concerned in clipping 2 min. from the flight time over a 
particular route segment as we are in having sufficient 
depth or range of cruising power to offset the severe 
effects of occasional 40-m.p.h. winds on maintaining 
regularity of schedules. In this respect, at 60 per cent 
of maximum continuous power for reciprocating 
engines or 70 per cent of take-off power for turbine 
engines, a cruising speed of 140 m.p.h. will be accept 
able. Furthermore, we concur in the consensus ol 
those attending the recent Helicopter Symposium at 
Puerto Rico that, with all engines operating, the 
helicopter should be capable of a sea-level initial 
vertical climb of 500 to 600 ft. per min. in standard 
atmosphere without wind and a minimum rate of climb 
of 200 ft. per min. at best forward speed with one 
engine inoperative at all altitudes up to 5,000 ft. above 
sea level. 


POWER REQUIREMENTS 


It has been historic with the fixed-wing transport 
that we have been in a continuing “nip-and-tuck”’ 


race between total engine power and gross weight. 
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Safety must not be compromised in helicopter passenger 
service, and, to this end, we must always provide for a 
greater reserve of power for added performance in the 
helicopter. When we speak of safety in aircraft, we 
speak of performance, and in adequate performance 
there is no substitute for power. 

Let us consider the practical aspects of this principle. 
For example, assume that this added performance de- 
sirable in the helicopter requires 25 per cent more 
We might have to carry about 1,100 or 1,200 
lbs. in added engine, transmission, and other air-frame 
weight in the 30-place helicopter, but it can be esti- 
mated roughly that the added power and performance 
would increase direct operating costs by only 3.5 cents 
per aircraft-mile. 


power. 


This additional operating cost would 
be partially offset by longer engine and transmission 
life between overhauls and perhaps by better insurance 
rates, and no passenger should object to paying 15 cents 
more per 100-mile trip for the added safety. This 
power reserve would also pay dividends in the event 
one power unit fails, for the remaining power could be 
utilized without requiring an unscheduled tear-down 
and overhaul of the engine that brings the aircraft home. 

Power reserve and performance are closely related to 
the subject of heliports. One of the outstanding 
features of the helicopter is its ability to land in small 
areas. Without this characteristic it is doubtful that 
the helicopter would have received attention from the 
air transport industry, for we could not plan on supply- 
ing scheduled air service to the many communities 
throughout the country that either cannot afford to 
build an adequate airport or cannot build one because 
of terrain. If the multiengined transport helicopter 
should require landing areas 1,000 to 1,500 ft. long for 
safe take-off in the event of an engine failure, then it will 
be impossible to provide heliports where they must be 
located in order to perform the air service for which 
they are so well qualified. In this event, heliports will 
be relegated to the airport in the country, and we might 
just as well forget about the helicopter. 

It is my opinion that we must have a transport heli- 
copter that will have the performance necessary to 
land and take off safely from a heliport which is 250 to 
300 ft. square, and certainly no larger than 250 by 400 
ft. This size heliport will fit into a normal-size city 
block and will permit the selection of proper locations 
in almost any community. In setting forth these 
dimensions, I speak of the touch-down area required as 
apart from any area required for the parking of heli- 
copters. When we consider the size of a heliport for a 
large city having multiple helicopter schedules, then 
adequate room must be provided, in addition to the 
touch-down area, for several machines to load simul- 
taneously at various passenger gates. But here, too, 
unless we strictly limit the ground time to 5 min. (which 
should be ample) for each helicopter to load, I can 
foresee the undesirable need for tremendous heliports 
simply to provide ramp facilities. 

I implore all who are connected with the helicopter 
industry and those who may be working on committees 


considering minimum heliport requirements, to face 
these simple, economic, and operating facts about the 
helicopter. Nor can we consider, from a_ practical 
point of view, flight procedures that would require a 
rearward take-off pattern, for how can such a crayfish 
departure be safely adapted to a busy therminal with 
other helicopters approaching the terminal at 1- or 
Certainly, rearward take-off would 
demand far greater cockpit vision than any I have seen 
in the planning stage. 


2-min. intervals? 


The answer to safety of operations which must be 
conducted from small heliports lies in the performance 
of the machine. I suggest your serious consideration 
of providing enough power in the transport helicopter 
so that, with full gross load, when one engine fails on a 
vertical take-off—the worst possible situation—re- 
maining power would permit a vertical descent to a 
safe landing with no damage to the aircraft. Such a 
rate of vertical descent would have to be limited to 
well within the designed loading of the landing gear. 
This performance might require 
power, perhaps as much as the 25 per cent mentioned 
above, but it probably would not amount to as much 
horsepower as might be required to hover with one 
engine inoperative. Such a reserve of power and per- 
formance in the helicopter would assure safe operations 
in almost any situation, and it would completely elim- 
inate the rather sad graphic curves you have all seen 
which depict the safe take-off airspace that some feel to 
be necessary for the single-engined helicopter. 


some additional 


OPERATING RANGE AND FUEL REQUIREMENTS 


I have stated that an approximate fuel range for the 
transport helicopter of 200 miles is desirable. This 
should be regarded as a minimum, and larger tank 
capacity should be provided in the event it is desired to 
operate over greater distances with less than full gross 
load. However, when speaking of fuel range, we 
should be more specific in order that we fully realize an 
important difference in the helicopter when compared 
to ‘fixed-wing thinking.” 

For example, Mohawk’s helicopter route studies indi- 
cate that on intercity operations within our area the 
average block distance between heliports will be about 
27 miles. This figure is an arithmetical average over 
an entire route system, whereas the actual operating 
average block distance would be about 35 miles when 
‘‘skip-stop”’ or express schedules are considered. Pro- 
vided that fueling can be quickly accomplished, we be- 
lieve it will be convenient to schedule refueling stops 
approximately at every fifth heliport. -Thus, in com- 
puting fuel range required—rather than estimating 
fuel on a nonstop basis for the 200 miles at a higher 
block speed—we would compute the fuel load on the 
block speed over 35-mile distances with allowance for 
five 2-min. stops enroute. 

With a helicopter cruising at 140 m.p.h., block time 
over the 200-mile range in 35-mile flight increments, 
with five 2-min. passenger stops, would be about | hour 
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and 42 min. With regard to reserve fuel supply, 
consideration of the helicopter is different from the 
fixed-wing transport, and we feel that a 30-min. fuel 
reserve will be ample. Thus, the fuel required for this 
type of helicopter over a 200-mile range should provide 
for at least 2'/, hours of flight time. 

When necessary, Mohawk often accomplishes the 
refueling of its DC-3's within 5 min., and we see no 
reason why fueling stops with the helicopter should re- 
quire any additional time. With the fixed-wing trans- 
port, aircraft parking problems result in the use of fuel 
trucks that consume precious time maneuvering into 
position, and refueling crews must use ladders to reach 
the fuel caps. These costly procedures must be en- 
tirely eliminated in the transport helicopter, and it is 
important that connections for fuel hoses be provided 
within easy access from the ground without ladders. 
Similarly, fuel pits at heliports must be conveniently 
located so that fueling can be accomplished quickly 
while passengers are being loaded. 


MAINTENANCE AND ACCESSIBILITY 


Much has been written and said regarding the im- 
portance of accessibility to all component parts of the 
helicopter to speed up inspection and overhaul. | 
need not further expand this subject, except to high- 
light a few related points. 

Mohawk, like several other air lines, has instituted a 
phase or progressive overhaul system with our fleet of 
DC-3's wherein portions of major tear-down and over- 
haul of the aircraft are accomplished during each of 
eight periods of shop time. With this system, each 
aircrait is tied up in the shop for shorter periods, the 
labor load is spread more evenly, and more efficient 
stocking and purchasing of replacement parts is per- 
mitted. Perhaps some of this phase overhaul system 
will be applicable to the helicopter, but at this time we 
anticipate that considerable changes will be necessary 
in our shop routines and scheduling. It will be of 
great advantage to helicopter operations assuming 
quick interchangeability of all component parts— ii 
tear-down, inspection, and overhaul can be set up on a 
production basis within the shop. Components due 
for inspection and overhaul can be quickly replaced by 
overhauled units, and the majority of such work can be 
accomplished under more efficient working conditions, 
rather than on work stands around the aircraft which 
are costly in man-hours of labor. With such a system, 
it would be entirely possible to place the transport 
helicopter in the shop at midnight, and by early the 
next day it could be returned to service with the ‘“‘clock 
turned back to zero’ on all components. 

In this manner, it is probable that daily utilization 
of the transport helicopter can greatly exceed today’s 
possible utilization of the fixed-wing transport. Higher 
utilization of aircraft is reflected in reduced direct 
operating costs. Therefore, quick-change of com- 
ponents is of great importance. 
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The helicopter industry is rather unique in that re- 
quired direct maintenance is expressed in terms of 
“man-hours per flight hour.’ Certificated scheduled 
air lines must follow the uniform accounting procedures 
established by the Civil Aeronautics Board. Ac- 
cordingly, we have a wealth of data which expresses all 
operating costs in ‘‘cents per revenue-mile,’’ but with 
that system it is almost impossible to calculate ac- 
curately man hours of labor per flight hour for the fixed- 
wing transport. In our studies of the helicopter, we 
needed such a figure for comparative purposes and went 
to considerable work, digging through shop orders and 
related material, to secure the data. It may be useful 
to you to know that, during the 12 calendar months of 
1952 with Mohawk's fleet on DC-3's, man-hours of 
direct maintenance labor per flight-hour fluctuated 
from a low of 4.27 hours to a high of 8.78 hours, and 
averaged 5.15 hours for the year. This included all 
direct maintenance labor except for engine and _pro- 
peller overhauls. 


RETRACTABLE LANDING GEAR 


With the cruising speed of 140 m.p.h. now possible 
with the transport helicopter, partly as a result of re 
tractable landing gear, the question arises as to whether 
the advantages of a retractable gear make it a desirable 
item of equipment for intercity operations where aver- 
age block distances—according to our studies—will be 
about 35 miles. An exact answer to this question is 
almost as difficult as trying to tie a firm knot in a 
slippery eel. 

We can assume that the inspection, maintenance, 
overhaul, and replacement parts for a retractable gear 
in a 30- to 40-place helicopter would be the same as that 
for a DC-3. It might also be assumed that the 140- 
m.p.h. cruising speed of the helicopter would be re 
duced to 120 m.p.h. with the gear down. The cost 
and variation of speed, due to retraction or nonretrac 
tion of the gear, must be related in turn to time saved 
and direct aircraft operating costs over varying block 
distances. 

Without any claim to positive accuracy in the solu 
tion of this pinball type of equation, it is my opinion 
that, with the transport helicopter, it would be profit- 
able for the pilot to retract the gear in all block dis 
tances exceeding 9 miles, and that the retractable 
landing gear will pay dividends to the operator in inter 
city average block distances. Needless, to say, how 
ever, we must have a positive and easy auxiliary 
method of extending the gear, for a belly landing with a 
helicopter would result in excessive damage as com- 
pared to such a landing in a fixed-wing transport. 


FIRE-EXTINGUISHING EQUIPMENT 


Safety will require the same type of pressurized fire- 
extinguishing equipment for engine nacelles as that 
provided for today’s fixed-wing transports. However, 
because of the flight characteristics of the helicopter 
and its ability to descend and land quickly at almost 
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any place in an emergency, as well as its operation at 
relatively low altitudes, consideration should be given 
to a relaxation of present T-Category requirements for 
fire-warning devices which may not be justified in the 
transport helicopter. The usual type of hand-operated 
fire extinguishers should be provided for the cockpit 
and cabin, while the required inclusion of parachute 
flares, in my opinion, would increase fire hazard and 
would be of no value to the helicopter. 


CABIN PRESSURIZATION 


Cabin pressurization is essential to the operation of 
the modern high-speed fixed-wing transport, for it per- 
mits comfortable flight at high altitudes and at rapid 
ascent and descent to and from cruising altitudes. 
But with the helicopter, normally operating not in 
excess of 2,000 ft. above the ground, I see no need for 
cabin pressurization—even in operations over our high 
Western plateaus. Certainly, with its weight and high 
cost of installation and maintenance, cabin pressuriza- 
tion is one item of equipment which should not be in- 
cluded in the helicopter. 

Some have proposed cabin pressurization in order 
that rapid descent to landing can be made without 
passenger discomfort. Time saved in rapid descent 
from an altitude of 1,000 or 1,500 ft. is insignificant. 
Furthermore, it has not been found necessary to install 
pressurization in the elevators operating in the Empire 
State Building, and these elevators are capable of 
descending at 1,000 or 1,200 ft. per min. 


CocKPIT STANDARDIZATION AND VISION 


Simplification of controls and arrangement of the 
necessary equipment in the cockpit is of importance in 
relieving the pilot of the considerable task of monitoring 
cockpit ‘“‘gadgets’ so that he may devote greater con- 
centration upon the fulfillment of his responsibility 
for the safe conduct of each flight. In this respect, 
standardization of cockpit design is of deep interest to 
us 

Although at this time we are not certain as to the 
type of navigation aids that will be adapted to scheduled 
helicopter operations, other cockpit controls and equip- 
ment are now well defined, and it is not too early to 
start the ball rolling on cockpit standardization. I 
hope that such standardization will be accomplished 
not by engineers alone but with the help of pilots quali- 
fied in the air transport field and experienced in the 
fight of helicopters. 

If I were to select the outstanding error that has 
been made in the design of the fixed-wing transport 
the error that is common to all—I would select the 
It has been historic, perhaps 
to some extent due to all of the instruments and equip- 
ment assigned to the cockpit, that pilot visibility has 
been sadly neglected. Because of the maneuverability 
of the helicopter, the precision with which it can be 
flown, and the manner in which it will be operated, we 
must not ignore or forget this important subject, nor 


matter of cockpit vision. 


can we compromise on this point in design. Our ob- 
jective in design should be to provide the pilot with a 
view from the cockpit equal to that of a goldfish from 
the familiar bowl. This expanded window area neces- 
sarily directs additional attention to efficient defrosting 
apparatus. 


PASSENGER LOADING Doors 


The location of adequate passenger doors is important 
in the interest of efficient passenger loading during the 
short stops at each heliport, and for 30 to 50 passengers, 
we believe that one entrance and one exit door should be 
provided. 

Mohawk does not ask its local service passenger to 
accept the time-consuming process of checking and 
claiming his baggage unless he specifically desires to do 
so, and almost all passengers prefer to handle their owrt 
baggage. The carry-on baggage feature is a definite 
requirement in helicopter operations. It follows, then, 
that the passenger should place his baggage in a con- 
venient rack immediately on entering the aircraft, 
otherwise the aisle space becomes unnecessarily crowded 
when luggage is carried to locations adjacent to the 
passenger’s seat. Crowded aisle space does not facili- 
tate passenger handling. Similarly, the passenger 
should pick up his bag immediately prior to stepping 
out of the cabin door. Thus, the carry-on baggage 
procedure is an important consideration in the proper 
location of passenger entrance and exit doors. 

If, as proposed at the Puerto Rico Helicopter Sym- 
posium, the passenger enters a door at the rear of the 
cabin and makes his exit at the front, or vice versa, 
then—no matter where the baggage carry-on rack is 
located—his bag will always be in the wrong place- 
Such a location of doors would result in the passenger, 
at one time or another, carrying his baggage the entire 
length of the aisle, or—when other passengers are en- 
tering—he would be crowding past them in the opposite 
direction to get his bag. 

Some of our helicopter friends in the United Kingdom 
have suggested that a door be placed opposite each row 
of passenger seats, just as in many of the European 
railway coaches. This proposal would certainly facili- 
tate the passengers getting in and out, but I fear that the 
weight of so many doors and their actuating mech- 
anisms, as well as maintenance, would be prohibitive; 
not to mention the complex system of warning lights 
that would be necessary in the cockpit. 

Mohawk’s experience in quick-stop passenger loading 
leads us to the conclusion that the desirable location for 
the passenger doors is at the center of the cabin length, 
with the entrance and exit doors joining in the center or 
separated only by a very narrow mullion; the mullion 
is less desirable in order to have the widest opening 
possible for emergency cargo when needed. The exact 
location of the doors may be adjusted within reasonable: 
limits to take advantage of the protection afforded from: 
the weather by overhead stub-wings, which may be 
part of the helicopter’s configuration. 
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The carry-on baggage rack should be located op- 
posite these passenger doors, and cross-cabin bulkheads 
should separate the entrance-and-baggage vestibule 
from the passenger sections of the cabin, fore and aft, 
to exclude cold winter drafts from direct contact with 
the seated passengers and to improve the appearance of 
the interior. This arrangement avoids the necessity of 
carrying baggage in the aisles at any time, keeps the 
baggage where it should be—immediately adjacent to 
the doors—and reduces by one-half the volume of 
passenger traffic in the aisles as compared to that which 
would be experienced if the doors were located at the 
forward or rear end of the cabin. 


Entrance and exit doors should be of the sliding type, 
quickly actuated by electric or hydraulic means and 
controlled primarily from the cockpit with a secondary 
control in the entrance vestibule for the flight agent. 
Passenger access to the cabin will be expedited if the 
cabin floor is located as close to the ground as possible. 
Any steps necessary between the cabin and ground 
should be extended or retracted simultaneously with the 
opening or closing of the doors; of course, the fewer the 
steps required, the less the weight. If several steps are 
necessary, then handrails for the steps become an es- 
sential item. 

As a matter of information, the DC-3 cabin door is 
26'/, in. wide and 57 in. high at its maximum points. 
We recommend that each cabin door for the transport 
helicopter be at least 30 in. wide and 60 in. high, and 
preferably 32 by 66 in. The bottom of the DC-3 door 
is 46 in. above the ground, and we would like to have 
the helicopter door as low as 16 or 18 in. from the 
ground. Incidentally, the cabin floor of the DC-3 
inclines at an angle when the aircraft is on the ground, 
and we urge that every effort be made to keep the cabin 
floor of the helicopter level when on the ground, for 
this will avoid the hazard of slipping in the aisle when 
snow or rain is tracked into the cabin, and it will make 
possible a greater flexibility in seating arrangements as 
may be desired by the various air lines. 

Now, in proposing the location of passenger entrance 
and exit doors at the approximate center of the cabin, | 
realize that such an arrangement displaces the pas 
senger load to an extent that difficulty may be encoun- 
tered in c.g. displacement. In this event, I would sug 
gest a double-deck passenger cabin similar to that 
employed in the Boeing Stratocruiser, and with such 
a configuration we see no serious operational prob 
lems. Double-decking is a preferable alternative to 
the blocking off of passenger seats or to computing 
c.g. location prior to each take-off. 


CARRY-ON BAGGAGE RACK 


Of all passengers carried by Mohawk Airlines, only 
22 per cent transfer to or from other air lines at various 
points of connection, and normally it is the transfer 
traffic that carries the greatest weight in baggage. 
While our free baggage limit per passenger is 40 lbs., 
the actual average baggage weight per passenger is 
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only 20 lbs. I think our experienced average weight 
for passenger baggage would be representative of that 
of all local service air lines, and I believe it is a practical 
weight allowance that can be applied to intercity heli- 
copter operations. 

Mohawk has completely redesigned the interiors of 
its DC-3’s, and we have applied our experience with 
passenger baggage to the provision of an appropriate 
carry-on baggage rack, located directly opposite the 
entrance door. In this installation, we have provided 
three shelves, counting the cabin floor as one shelf, 
which are 80 in. long. These shelves are 33'/2 in. 
wide for 43 in. of their length, and then taper to a 
width of 19!/, in. because of other installations in the 
DC-3. Total area of the three shelves is 50.4 sq. ft., 
which averages 1.94 sq. ft. per passenger seat. From 
floor to the top of the baggage rack, the shelves are 
spaced at 16-, 28-, and 21-in. intervals, respectively. 
Total cubic contents of the baggage rack is 91 cu. ft. or 
5.5 cu. ft. per passenger seat. 

Mohawk’s carry-on baggage rack is entirely satis- 
factory for our operations, and the data as to average 
weight of passenger baggage, area, and cubic space re- 
quired should provide excellent yardsticks for intercity 
helicopter operations. 


PASSENGER ACCOMMODATIONS 


For some time Mohawk Airlines operated its original 
DC-3’s with the 2l-seat configuration inherited from 
trunk air lines. We were not satisfied with the seating 
arrangement because the passenger load was too far aft, 
and until full loading conditions were approached, rear 
seats had to be blocked off because of c.g. difficulties. 
Passengers do not understand this necessity for blocking 
off the seats they prefer to occupy. Furthermore, the 
carry-on baggage rack was too small, while there was 
no provision for hanging up the passenger's heavy winter 
coat, which is too bulky to be placed in the overhead 
racks when all seats are occupied. 

Accordingly, Mohawk has refurbished the interiors 
of its DC-3’s during the past several months at con- 
siderable expense. It was accomplished only after ex 
tensive study of the problems involved and the greatly 
improved effect desired. We moved the entire passen 
ger load forward and it is no longer necessary to block 
off passenger seats. We installed new upholstery in 
carefully planned and harmonizing colors to create the 
effect of a larger cabin. We added new soundproofing, 
new window curtains, new floor mats, and electric 
fans; provided a new coat rack; installed the carry 
on baggage rack described above; and provided 26 
new passenger seats. 

After the first DC-3 had been completely refurbished, 
we placed it in service and immediately conducted a 
passenger survey to learn what the passengers thought 
of it. Passengers were enthusiastic, and we learned 


some additional interesting points from the survey. 
Many passengers liked our new DC-3 interior and 
arrangement better than any other air transport air- 
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craft they had been in; they commented on the im- 
proved soundproofing, and some even thought it flew 
more smoothly and faster than the old DC-3’s. Mo- 
hawk is proud of its accomplishment, for we have not 
only developed what we believe to be the finest DC-3 
for local service operations, but we now know what we 
want when it comes to the helicopter. Perhaps the 
helicopter industry can profit from our experience, 
and if you doubt the effect that has been produced in 
the DC-3, I invite you to inspect our aircraft at any 
time. 

For soundproofing, we removed the old material, 
which often absorbs enough moisture to increase the 
weight of the DC-3 by more than 100 lbs., and cemented 
a quilted blanket material, having a Fibreglas base, 
against the metal walls. This material is */;. in. thick 
and weighs about 1.7 oz. per sq. ft. Over this was in- 
stalled a */s-in. layer of Fibreglas soundproofing in- 
sulation having a weight of about °/1) oz. per sq. ft. 
Finish upholstery on walls and ceiling is a thin plastic 
material weighing about 2.4 oz. per sq. ft. Total 
weight of soundproofing and upholstery on walls and 
ceiling is about 4.9 oz. per sq. ft. On the floor, a new 
plastic material was used that withstands wear re- 
remarkably, has an insulating pad cemented to its 
under side, and weighs about 7.2 oz. per sq. ft. 

I am unable to express in decibles the degree to which 
interior noise has been reduced, but if this noise level 
can be attained in the transport helicopter, it will be 
satisfactory. If necessary in the helicopter, because 
of gear noise, additional Fiberglas insulation could be 
installed to produce the desired result with very little 
weight penalty. Because the configuration of each 
helicopter will present its own peculiar problems in 
cabin noise insulation, I suggest that the manufacturers 
assume the responsibility of providing the insulation 
necessary and include this material in the empty weight 
and price of the machine, leaving to the operator the 
selection and added expense for the finish upholstery 
material only. 

Mohawk has installed a standard make of passenger 
seat with adjustable back rest. Eaeh seat provides 
space for 2 passengers, has a removable arm rest in the 
center, is padded with foam-rubber cushions, and is 
finished with a heavy wool fabric. The seats are ar- 
ranged for four-abreast passenger seating with an aisle 
that tapers from 17 to 13 in. wide. Overall width of 
the double seat is 39.5 in., depth from front to back is 
24 in., and spacing from back to back is 40 in. Weight 
per seat, including safety belt, cushions, and upholstery, 
is 42 lbs., or 21 Ibs. per passenger. 

These seat dimensions and spacing are recommended 
as a minimum for the transport helicopter. However, 
to expedite passenger loading, Mohawk recommends 
that the aisle width be increased to 18 in. and that the 
double-seat width be 44 in. This would require a 
cabin 106 in. wide at its maximum point, and the ceiling 
height over the aisle should be not less than 78 in. 

With regard to passenger comfort in the transport 
helicopter, I have heard many suggestions for light- 


weight seats, perhaps made of a plastic wicker, with 
little or no upholstery; and some have suggested bench- 
type seats extending the length of the cabin. While 
the transport helicopter will provide sort of an inter- 
city aerial bus service, I cannot agree with these sug- 
gestions for passenger seats. Even intercity bus lines, 
such as Greyhound, have had to furnish comfortably 
upholstered seats for their buses, and we also will have 
to assure the passenger’s comfort, even though the 
average length of ride may be only 30 or 45 min. The 
seats and spacing I have mentioned are not ‘‘super- 
plush”’ but supply the degree of passenger comfort we 
believe to be essential, and the foam-rubber cushions 
and plastic upholstery material will take a lot of punish- 
ment. There is one compromise on these seats that I 
would suggest, and that is the elimination of the re- 
clining feature of the back rest. This would save a 
little expense, about | Ib. in weight and would allow 
spacing of the seats to be about 38 in. 

Experience with the helicopter probably will prove 
that it is unnecessary to design helicopter seats and 
safety belts to the high G-loadings now required for 
seats in fixed-wing aircraft, but at this time it appears 
that relaxation of these design factors would not save 
much in cost or weight, and lighter seats may entail ex- 
cessive maintenance. 


CABIN WINDOWS 


Primarily because of pressurization, it has been 
necessary to utilize small windows in the cabins of 
modern high-speed aircraft; but these windows cer- 
tainly give one the impression of being sealed in a tube 
and shipped off to places unknown with little regard to 
the passenger’s pleasure enroute. Because the heli- 
copter inherently is a low-flying vehicle, we should 
capitalize on the unusual and excellent view of this 
country, which can add much to the passenger's en- 
joyment of his flight and will contribute greatly to the 
helicopter’s popularity. 

The net size of the DC-3 cabin window is 16 in. wide 
and 10*/, in. high. Such small ‘‘peep holes’’ should be 
expanded in the helicopter to not less than 34 in. wide 
and 24 in. high, with the bottom of the window set 
about 26 in. from the floor, or just above the arm rest of 
the passenger seat. 

In lieu of large individual windows opposite each row 
of seats, I suggest your serious consideration of an 
even better alternative. Let us have a continuous 
window along each side extending from front to rear 
of the entire passenger cabin. This should not pre- 
sent undue weight or structural problems, and struc- 
tural members supporting the cabin floor would not be 
objectionable if they are exposed, properly spaced, 
and extend past the window area. 

The importance of large windows in the passenger 
cabin cannot be overemphasized, and, regardless of the 
difficulties, they must be provided in the transport 
helicopter. 
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OTHER CABIN EQUIPMENT 


In addition to the above accommodations, other 
features are essential to passenger service. A coat rack 
should be provided adjacent to, or within, the entrance 
vestibule, and we suggest a simple supporting bar with 
the minimum capacity of 1'/2 in. in length for each 
passenger seat. 

A small seat and safety belt for the flight agent should 
be located adjacent to, or within, the entrance vesti- 
bule. The flight agent in helicopter passenger service 
will have added responsibilities, and although we be- 
lieve one flight agent can handle 30 or 35 passengers, it 
is probable that two flight agents will be necessary for 
the 40- to 50-passenger helicopter. A weight allowance 
of 10 Ibs. is adequate for each flight-agent seat. 

A toilet and lavatory will be necessary equipment in 
the transport helicopter, and although one will be 
sufficient for the 30-place machine, two lavatories for 
the 50-place transport probably will be needed. 

Complete buffet equipment for serving meals cer- 
tainly is not required in the helicopter. However, 
provision should be made so that a small bar could be 
installed to implement the serving of coffee if desired 
by the air line. This added touch to passenger service 
is popular and costs the air line but a small amount per 
passenger. 

Mohawk has found the combustion type of cabin 
heater to be the most satisfactory source of heat for 
cold weather operations. The combustion heater 
should be equipped with high-velocity blowers for 
adequate heating of the cabin while on the ground, and 
these blowers should also be available for ventilation of 
the cabin and complete circulation of air while the air- 
craft is on the ground during warm summer weather. 
Incidentally, cabin heat should be ducted into the 
lavatory rooms to prevent water in storage tanks from 
freezing. 


CARGO ACCOMMODATIONS 


It must be acknowledged that the hauling of cargo 
over short-haul distances is an entirely new field that 
has not been fully developed by the air transport in- 
dustry. Full development of the cargo potential in 
intercity helicopter service will require re-examination 
of present commodity rates in order that we can supply 
fast transportation of shipments over short distances in 
price competition with present surface carriers. 

Cargo space in Mohawk’s DC-3’s, located at the aft 
end of the cabin, is 73 in. long, has a maximum width 
of about 70 in., and extends the full height of the fuse- 
lage. This space will accommodate an approximate 
average of 1,600 Ibs. and is serviced through an ex 
terior door 31 in. wide and 43 in. high, located 36 in. 
from the ground. An additional and larger door has 
been installed between the cabin and cargo compart 
ments to expedite loading. Mail, express, and freight 
shipments are normally carried in this cargo space, as 
well as some checked luggage. But because of the 
size of the cargo loading doors, Mohawk has placed a 
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size limitation on shipments of express and freight: 
and because each station is operated with the minimum 
of personnel and ramp equipment, the weight of each 
package received for shipment is limited to 100 Ibs. 

Insofar as we can foretell at this time, the transport 
helicopter should have about the same space and weight 
capacities for mail and cargo as provided in the DC-3. 
If necessary, the cargo space can be divided into two 
compartments located fore and aft of the passenger 
cabin. In order to facilitate loading, the exterior door 
to the cargo compartment should be at least 32 in. 
wide and 48 in. high, and it should be located close to 
the ground level, certainly no more than 30 in. from the 
ground. 


There is little doubt that passengers will be the prime 
source of revenue in intercity helicopter service, and it 
would be inadvisable to delay a passenger service by 
the loading of large cargo shipments. Furthermore, a 
somewhat increased frequency of scheduled service 
should be provided with the helicopter as compared 
with those operated by local service air lines today. 
For these reasons, if weight allowance requires some 
compromise, I would suggest that the total allowable 
weight for cargo with a full passenger load could be re- 
duced to 1,000 Ibs., but in this event the space for cargo 
should not be reduced. 


EXTERNAL NOISE 


In speaking of the performance of the helicopter, I 
stressed the need for operating into small, conveniently 
located heliports. Closely associated with this sub- 
ject, and of almost equal importance to performance, 
is the problem of external noise produced by the heli- 
copter. Every effort must be made to make the heli- 
copter operate quietly, and if this is not accomplished, 
we will not be permitted to serve heliports in the centers 
of cities because of the nuisance factor. 

With the airplane, approximately 80 per cent of the 
noise emanates from the propellers. Even if airplane 
engines were muffled, noise would not be reduced to an 
acceptable degree unless some method were devised to 
quiet the operation of the propeller. We have an en- 
tirely different situation with the helicopter. If we 
muffle the noise of engine exhaust, which probably ac 
counts for 90 per cent of the total, the remaining 10 per 
cent caused by the rotor system would not be objec- 
tionable. 

I am also somewhat dubious about satisfactory results 
if we depend upon the blending of helicopter noise with a 
certain level of prevailing background noise normal to 
large city traffic, for Mohawk will operate the helicopter 
into rather quiet country communities, as well as 
metropolitan areas. 


I am sure that the ingenuity of our helicopter manu- 
facturers will provide the answer to eliminating ob 
jectionable external noise in the operation of the 
helicopter. I hope it can be accomplished within a 
weight allowance of 0.1 Ib. per hp., with a power loss 
not exceeding 2 per cent. If it would be of assistance 
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in solving the problem, a cutout could be installed on 
the mufflers which could be opened when operations are 
conducted over less populated areas outside of cities. 
In the event gas-turbine engines are used to power the 
transport helicopter, I understand that the problem of 
reducing engine noise will be somewhat simplified; 
conversely, I suggest that the problem will become 
greatly magnified if jet power plants are consid- 
ered. 


SPECIAL FEATURES OF MAIN ROTORS 


Just as the metal-bladed propeller has become es- 
sential equipment of the transport airplane, I believe 
the all-metal rotor blade is essential to scheduled 
helicopter operations. In this respect, I am greatly 
encouraged with the rapid progress and the success 
achieved by Sikorsky and Piasecki with their all-metal 
rotor blades, and it is important to note that it is now 
possible to install one new blade in a rotor system 
without upsetting dynamic balance, as compared with 
the older practice of mating the blades in sets which re- 
quires the exchange of all rotor blades. 

Flexing of the rotor blades and centrifugal force are 
excellent deicing factors; but if deicing equipment is 
necessary, all-metal rotor blades can be easily adapted 
to the injection of hot air. Thus, the matter of icing of 
the rotor system should not present any insurmountable 
problems. In fact, the installation of equipment for 
the prevention of ice on rotor systems should be much 
more simple and economical to maintain than such 
equipment for the airplane propellers and wing sur- 
faces. 

It should be possible, with the transport helicopter, 
to quickly fold the rotor blades back over the fuselage. 
Some have suggested the frequent need for folding of 
the rotor blades and have strongly supported folding 
them by mechanical means. Mohawk plans on using 
the folding rotor blade feature only when the helicopter 
is placed in the hangar for maintenance or overhaul. 
Accordingly, we will be pleased if the rotors can be 
folded manually within a few minutes, using rotor 
“carry-jigs’”’ if necessary. We are not inclined to pay 
for mechanically folding rotor blades in initial cost, in 
weight penalty, or in maintenance. The small cost 
of the manually operated folding blade feature will be 
offset a hundred-fold in required hanger space for a 
fleet of transport helicopters. 


CONCLUSION 


In conclusion, I should like to highlight one or two 
points. Much has been said about the importance of 
the helicopter in times of national emergency and about 
the great public service it can provide in the event of 
an atomic attack on any of our metropolitan areas. 
I am sure that, in such emergencies, any air line would 
be anxious to place its fleet of transport helicopters at 
the disposal of the public need. Air-line helicopter 
services, personnel, and know-how at such times would 
be of untold value to our national defense and, per- 
haps, to our very existence. 

In addition, serious local emergencies occur each year, 
such as tornadoes, hurricanes, floods, epidemics, train 
wrecks, and highway accidents, wherein a fleet of 
transport helicopters could render invaluable service to 
the public and in the saving of human lives. In fact, I 
can foresee certain conditions where the helicopter may 
be the only means of travel available as a result of the 
snow and ice storms common in certain areas. 

These are some of the reasons I have suggested ade- 
quate passenger loading and exit doors, the provision of 
reserve power and performance, and the use of cargo 
doors of ample size to provide ease of loading. As 
I interpret statements made by representatives of our 
military services, many of the design features suggested 
here would have their full endorsement. 

I am convinced that there is little difference, if any, 
in the basic requirements for the transport helicopter 
for scheduled air-line service and the machines needed 
for military service except for subordinate equipment 
that can be removed or installed for either use. There- 
fore, it is important in the interest of the earliest de- 
velopment of the transport helicopter that there be full 
and complete coordination and exchange of information 
regarding its design and performance characteristics be- 
tween the military services and the scheduled air lines. 
Certainly, it merits the support of our Federal Govern- 
ment at every opportunity. 

If the transport helicopter has the necessary re- 
liability and ease of maintenance and the adequate 
power and reserve of performance suggested here, 
Mohawk Airlines believes that the helicopter will play 
an extremely important role in transportation and in 
national defense which will exceed in opportunity and 
volume any service heretofore performed by the avia- 
tion industry. 
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Fic. 1. Artist’s conception of the Propulsion Wind Tunnel 


is it will look when completed. Transonic circuit is at 


the left; supersonic circuit is at the right. Both tunnels are powered by one set of drive motors, totaling 216,000 hp. 


The World’s Largest Wind Tunnel 


W. J. WALKER* 


Westinghouse Electric Corporation 


INTRODUCTION 


| iw WORLD'S LARGEST WIND-TUNNEL FACILITY is 
now under construction at Tullahoma, Tenn., 
at the U.S. Air Force’s Arnold Engineering Develop- 
ment Center. When completed in 1955, the new tun- 
nel will be used primarily to investigate internal and ex- 
ternal aerodynamic characteristics of full-size jet en- 
gines and for aerodynamic testing of air frames and 
guided missiles. 


The facility (called the Propulsion Wind Tunnel, 
see Fig. 1.) is arranged in two separate closed-loop 
circuits, a transonic and supersonic, with duct diame- 
ters ranging from 36 to 55 ft. A common 216,000-hp. 
drive is located between the two loops. The Propul- 
sion Wind Tunnel is designed to provide air speeds in 


* Marine and Aviation Section, Industry Engineering Depart- 
ment. 


the two 16- by 16-ft. test sections from Mach 0.8 to 
Mach 3.5 (more than 2,500 m.p.h.). 

One three-stage compressor will be used in the tran- 
sonic loop. The compressor for the supersonic tunnel 
will have 18 stages arranged in four tandem cylinders 
with an annular by-pass duct around the last three; 
this compressor forms practically one complete ‘“‘leg’ 
of the loop. Air is directed through these last three 
compressors or into the by-pass by large iris valves. 


COMPRESSOR SELECTION 


In the original planning, a 20-stage compressor to 
serve a single tunnel having two parallel throats (one 
supersonic, one transonic, with huge valves for isolating 
one while the other was in use) was considered. How- 
ever, the final decision was to use two separate com- 


pressors in separate tunnels with a common drive sys- 
tem between them. The change was made to permit 
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operation of both the transonic and supersonic test 
sections at the same time, whenever their combined 
demand is within the rating of the drive system. This 
was intended to improve the “utilization factor’’ of 
the facility, since it would have been impossible to use 
two parallel throats simultaneously because of flow 
balancing and valving difficulties. In addition, the 
cost of the huge isolating valves was believed to be 
comparable with that of a complete separate tunnel, and 
the technical complications of the valves were consid- 
ered greater than those for a separate transonic tun- 
nel. 


Specifications for the compressor and drive system 
require not only a very high maximum volume flow 
(more than 13,000,000 cu. ft. per min.) through the 
compressor but also a very wide range of volume flows 
(almost 2 to 1). At the same time, compression ratios 
range from more than 7.0 down to 1.06 and tunnel 
pressures from practically zero to 2'/2 atm. absolute. 

Anticipated tunnel requirements also demand: (1) 
high horsepower at both low and high compression ratio; 
(2) high horsepower at both low and high volume flow; 
(3) that flow characteristics from one tandem compres- 
sor cylinder to the next and from compressor to tunnel 
be ‘‘matched” to avoid dangerous stalling of any stage 
under any specified flow condition; (4) high drive-sys- 
tem efficiency; (5) high operating power factor; (6) 
minimum ‘‘dead’”’ time (time required to start, stop, 
change drive and compressor configuration, etc.); (7) 
avoidance of large gears; (8) low shaft-seal leakage; (9) 
flexibility; and (10) simplicity of arrangement and con- 
trol. 

Optional methods for obtaining the required wide 
range of flow capacities and pressure ratios were: (a) 
drive-speed variation; (b) stator blade-angle varia- 
tion; (c) rotor blade-angle variation; (d) by-passing or 
valving; (e) operation of multiple compressors in series- 
parallel or a tandem configuration; and (f) feasible 
combinations of these methods. 


Variation of compressor speed is frequently used as 
a means of varying discharge pressure (test-section 
air speed) in existing wind tunnels. Why not use it for 
the Propulsion Wind Tunnel? For one thing, reducing 
compressor speed not only reduces the compressor 
discharge pressure but also reduces the flow volume pro- 
duced according to a fixed (fan) law. This fixed re- 
lationship between rotative speed, pressure, and flow 
volume is inconvenient when it is desired to increase 
volume flow as compressor discharge pressure is de- 
creased. Since this is required by P.W.T. operating 
plans, variable-speed compressors are not suitable. 
Also, to achieve the greatest possible utilization of in- 
stalled horsepower, volume flow must be increased as 
pressure ratio (or more exactly, ‘‘pressure boost’’*) 
decreases. This is true since compressor horsepower is 

* “Pressure boost”’ is defined as the difference between dis- 
charge and inlet pressure (Pout— Pin), whereas pressure ratio is 


the ratio between discharge pressure and inlet pressure 
(Pout /Pin) 
out 


8] 


proportional to the product of volume flow (cu.ft. per 
sec.) times pressure boost (Ibs. per sq.ft.). 

To accomplish this volume variation at low, as well 
as high, pressure ratios, a constant-speed machine 
having adjustable stator or rotor blades is required. 
For the P.W.T., stator-blade-angle control was se- 
lected. Stator and rotor blade-angle variation are funda- 
mentally similar so far as their respective effects on dis- 
charge pressure and volume flow are concerned. How- 
ever, mechanisms for accomplishing stator blade con- 
trol on a multistage, multiblade machine are mechani- 
cally much simpler than equivalent mechanisms for 
accomplishing adjustment of rotor blades. If the 
rotor is a single row of large blades similar to airplane 
propeller blades, and where stator blading is either 
simple or nonexistent, constant-speed volume-flow 
adjustment can be accomplished by varying rotor 
blade angles through a mechanism similar to that used 
on variable-pitch propellers. But, if the rotor carries 
many rows of many blades each, they cannot be ar- 
ranged as simple propellers, and stator blade control 
becomes mechanically simpler than rotor blade control. 
Also, it is possible to design aerodynamically rotor and 
stator blading so that the greatest twist, taper, and cam- 
ber occur on the rotor blades while holding relatively 
simple geometry on the stator blades. This, naturally, 
is desirable when designing for controllable stator 
blades. The reverse design—making rotor blades 
simple and stator blades complicated—does not sim- 
plify the problem of rotor blade control in a multistage, 
many-bladed machine because of the complexity of the 
rotor structure itself. 

By-passing or valving a portion of the airflow vol- 
ume produced by the compressor is one way to match 
the compressor characteristic to the tunnel character- 
istic. It frequently happens—in wind-tunnel systems 
that cover a wide range of flow volumes and pressure 
ratios—that the volume of air which will flow through 
the throat with a given pressure difference across the 
throat is less than the volume of air which the compres- 
sor will produce when pumping against this same pres- 
sure differential. This is especially true of compres- 
sors that rely upon speed variation as a means for vary- 
ing pressure. To overcome this difficulty, an airflow 
path can be established in parallel with the throat 
(operating across the same pressure differential as the 
throat) to carry the excess air. Thus the compressor 
operates at the given pressure ratio and one volume 
flow, while the throat operates at the same pressure 
ratio and a different volume flow—the differential flow 
being carried by the by-pass. However, this represents 
a direct loss of power, and extra expenditure for duct- 
ing, valves, etc., which can be fairly large for a tunnel 
of the capacity of the P.W.T. 

Again, by stator blade-angle variation, a fairly wide 
percentage range of volume flows can be produced by 
the compressor at essentially constant compression 
ratios, thus permitting the original tunnel flow-pressure 
ratio requirements to be met without wasting power 
and airflow in a by-pass. 
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Fic. 2. Schematic drawing of the transonic compressor, the 
drive motors, and the superonic compressors. A _ simplified 
electrical diagram for one set of motors is shown. At the right 
in this diagram is the d.c. braking arrangement. In the supersonic 
compressor circuit, one iris valve is shown in a by-passing posi- 
tion. 


However, recent developments in wind-tunnel art 
have made possible higher speeds for a given compres- 
sor ratio by use of a second throat in series with the 
first. The planned use of a second throat such as this 
in the P.W.T. supersonic tunnel will so restrict airflow 
that a by-pass will be required. (This series throat is 
entirely different from the parallel throats discussed 
earlier.) 

Operation of multiple compressors in series-parallel 
can also be used to cover a wide operating range 
of volume flows and pressure ratios. In such a system, 
compressors are operated in parallel to obtain large 
volume flows at low compression ratios, and in series 
to obtain high compression ratio at low volume flows, in 
much the same way as d.c. generators operate in parallel 
for high currents and in series for high voltages. Such a 
compressor arrangement, however, requires fairly 
complex ‘‘cross-over’’ ducts and valves, which become 
of prohibitive size and expense for volume flows meas- 
ured in millions of cubic feet per minute and were, 
therefore, considered by Westinghouse to be unsuitable 
for the P.W.T. main compressor system. It is also 
difficult to choose a compressor design that adequately 
fits all the various operating conditions of a series- 
parallel system. 

The considerations briefly discussed in the preceding 
paragraphs, therefore, influenced Westinghouse engi- 
neers in their choice of compressor configuration and 
method of volume-flow variation. These considera- 
tions arise principally from tunnel requirements and 
aerodynamic testing objectives. 


DRIVE SELECTION 


Other important design decisions resulted from appli- 
cation studies on the electric drive for the compressor. 
These decisions affected both electrical machinery and 
compressor design. From the tunnel and test section 
considerations mentioned earlier came the flow, pres- 
sure-ratio, and pressure-level requirements. These 
influenced the tip diameter and hub diameter (these 
two together determined the cross-sectional area of the 
airflow passage through the compressor) and, in turn, 
the tip speed, which determined the speed of the drive. 
Constant speed having been chosen for aerodynamic 
as well as electrical reasons, it was then necessary to 
choose a suitable synchronous speed so as to approach 
the optimum blade height, hub ratio, and tip speed 
without the use of large gears. Gears of 216,000-hp. 
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capacity are difficult to obtain and expensive. The 
drive speed selected was 600 r.p.m. 

The A.E.D.C. system power-factor limitations and 
specification requirements dictated approximately 90 
per cent power factor during starting, and unity power 
factor while running. This indicated that a maximum 
amount of drive capacity be in synchronous motors, 
to avoid large capital outlays for power-factor correct- 
ing equipment. Of course, synchronous motors can- 
not be made self-starting and meet the inrush limita- 
tions, so they must have separate starting motors or 
be started from a variable-frequency bus. Also im- 
portant to remember is the fact that the maximum 
air-horsepower demand of the 18-stage supersonic 
compressor configuration under starting conditions is 
approximately 100,000 hp. at full speed (600 r.p.m.), 
and the combined inertia of the drive and compressors 
is $4,000,000 Ibs. ft.2. While this inertia is not so great 
as that of some of the largest waterwheel generators, 
the stored energy of the system at full speed will be the 
greatest of any rotating machine ever built. The 
energy stored in this rotating mass at 600 r.p.m. is 
9.35 million hp.-sec. or 1,940 kwh. 

Electrical engineers frequently compare large motor 
or generator installations on the basis of the amount of 
the stored energy per kva. of rated capacity. This 
is called the ‘“‘H”’ constant, and for the P.W.T. is a 
little over 40 kw.-sec. per kva.—considered large as 
electrical machines go. 

Thus, considering the horsepower demand of the 
driven load, the inertia and stored energy of the ro- 
tating mass, together with the specified duty cycle 
(eight 45-min. runs, four 90-min. runs, or one 4-hour 
run in an 8-hour shift), it appeared that the drive and 
compressor configuration shown in Fig. 2 would best 
fit this application. 


STARTING THE DRIVE 


Motors M2 and M3 are 10-pole, wound-rotor induc- 
tion motors rated 25,000 hp. at 600 r.p.m. or 30,000 
hp. at 720 r.p.m. (10-pole synchronous speed). They 
are designed mechanically for operation at 600 r.p.m. 
(16 per cent slip) with suitable allowance for overspeed ; 
however, they will never be allowed to operate above 
approximately 660 r.p.m. Electrically, the motors are 
capable of developing 210 per cent of their rated 600- 
r.p.m. torque to accelerate the rotating mass of the 
largest configuration (WA? = 84 million Ib. ft.*) in 
approximately 7 min. from rest to 600 r.p.m. They 
are then called upon to supply the 600-r.p.m. demand oi 
the compressor (operating at reduced tunnel density 
or pressure level), while the synchronous machines 

M1 and M4) are synchronized with the A.E.D.C. 
system, after which their large (36-in. electrode) liquid 
rheostats are operated to reduce their available 600- 
r.p.m. torque, and thus cause them to share the me- 
chanical load with the synchronous machines. After the 
drive motors, including the synchronous motors, are 


all running, tunnel density (pressure) can be increased 
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from its starting value of 75 lbs. per sq. ft. absolute to 
its desired operating value (depending on the altitude to 
be simulated in the test section or the Reynolds Num- 
ber desired, or both). 


Increasing or decreasing the tunnel pressure is ac- 
complished by bleeding air in from high-pressure storage 
or by pumping it out through a large cross connec- 
tion to the compressor system of an adjacent facil- 


STOPPING THE DRIVE 


At the end of a run, the tunnel density can again be 
decreased, the mechanical load transferred to the 
wound-rotor machines and the synchronous motors 
disconnected from the line, after which the wound- 
rotor machines can be decelerated by increasing their 
secondary resistance (raising the liquid rheostat elec- 
trodes). When this has been accomplished, the wound- 
rotor motors are disconnected from the line and d.c. 
excitation applied to their stator circuits from a special 
400-kw. dynamic-braking exciter. The inertia of the 
rotating mass then acts to generate a.c. electrical power 
in the rotor circuits of the wound-rotor machines, which 
is dissipated as heat in the liquid-rheostat electrode 
cells and carried away in the electrolyte coolers by 
the cooling water flowing to the A.E.D.C. reser- 
voir. 

The dynamic-braking effect decreases to a negligi- 
ble value at low rotative speeds because the rotor con- 
ductors are then cutting flux only at a very low speed 
and generating very little power (absorbing very little 
braking torque). Hence, a mechanical braking sys- 
tem is automatically applied at 45 r.p.m. after the dy- 
namic-braking excitation has been automatically shut 
off by a speed sensitive switch. This brings the drive 
quickly to rest. 


CONTROL OF THE TUNNEL DRIVE 


A total of ten different operating “configurations” 
of drive and compressor machinery have been provided 
in planning the electrical controls and mechanical fea- 
tures of the P.W.T. system. These configurations 
differ from one another in the number of main motors 
and compressors selected to run (see Table 1). 


Note that configurations | and°9 can absorb the full 
216,000 s.hp. capacity of the drive, as can configura- 
tions 2, 3, and 4. In other words, the full 216,000 hp. 
can be absorbed in only one compressor (configuration 
9), as well as in four compressors (configuration 4). 


The operator can select the configuration by setting 
a multiposition switch on the main duplex control 
board. This sets up interlocking and auxiliary relay 
groups, which must be satisfied before the main motors 
can be started. (The auxiliaries can also be started 
individually by selecting manual instead of automatic 
auxiliary start circuits.) By operating other switches 
and buttons, the operator can then start, bring up 
to speed, and load the motors. 


TABLE 


The Ten Possible Operating Configurations for Drive and 
Compressors 


Supersonic Configurations 
-M1, M2, M8, and M4 driving C2 
M1, M2, M3, and M4 driving C2 and C3 
—M1, M2, M3, and M4 driving C2, C3, and C4 
M1, M2, M8, and M4 driving C2, C3, C4, and C5 
5—M3 and M4 driving C2 
N 


—M3 and M4 driving C2, C3, and C4 
M83 and M4 driving C2, C3, C4, and C5 


Transonic Configurations 


9—M1, M2, M3, and M4 driving Cl 
10—M1 and M2 driving Cl 


In addition to the controls needed for starting and 
stopping, many visual signals and readings are presented 
on the duplex board to bring both normal and ab- 
normal conditions to the operator’s attention. Annun- 
ciators and alarms are provided for vital points through- 
out the system. Temperatures at some 40 different 
points are recorded. Instantaneous power and power 
rate-of-change are recorded and retransmitted to the 
main A.E.D.C. substation and to the main transonic 
and supersonic aerodynamic control stations. 


CONTROL OF AUXILIARIES 


For the more important and complicated auxiliaries 
(such as the iris valves), complete ‘‘fault-finding”’ 
panels are located in the auxiliary machinery room 
adjacent to the supersonic-compressor foundation. 
The duplex control board has, for each iris valve, only 
a control switch and four indicating lights, which are 
labeled closed, closing, opening, and open. The tran- 
sition indications of opening and closing are desirable 
because several minutes are required for the iris valve 
leaves to travel from closed to open, or vice versa, and in 
transition the operator might obtain a false impression 
from only two lights. Since there are 24 leaves in 
each iris valve, each weighing several tons, each leaf 
is provided with a separate hydraulic operator, and the 
leaves are moved in unison in two groups of twelve. 
In the event the operator observes that an indicating 
lamp has not changed to an open or closed signal after 
the normal operating time has elapsed, he may check 
the fault-finder panel in the compressor auxiliary room 
to learn the exact cause of trouble; he can then operate 
a faulty leaf individually by manual control, if neces- 
sary. The system is completely interlocked so that the 
drive cannot be started unless all iris valves and all 
their components are in the position called for by the 
configuration setup switch. 

Similar but smaller local control and instrument 
boards are provided in the compressor auxiliary rooms 
for the bearing lubricating-oil systems, bearing-lift 
oil system (all 22 bearings have oil lift provisions to 
reduce break away torque), the bearing and shaft 
dry-sealing air systems, the remote disconnect-coupling 
hydraulic systems, etc. For the motor lubricating- 
oil auxiliaries, instrumentation is provided adjacent 
to each bearing pedestal. 


| 


Fic. 3. Stator for transonic compressor being assembled in 
shop. A 2-hp. gear motor drives each row of blades through a 
continuous 360-deg. shafting system. Gearboxes that operate 
linkages controlling position of individual blades are shown be- 
tween rows of blade housings. There is a gearbox for each blade. 


Fic. 4. Closeup of section of transonic compressor showing 
controllable stator blades. 


AUXILIARY POWER 


Two 1,000-kva. indoor power centers in the motor 
building provide 440-volt power to three control centers 
housing smaller auxiliary motor starters. The heavier 
breakers for motor cooling fans, exciter drive motors, 
etc., are housed in the power centers proper. Two of 
these control centers serve the supersonic auxiliaries, 
and the third serves the transonic auxiliaries. The 
control centers also contain 440/110-volt distribution 
transformers for 110-volt control power. 


STANDBY POWER 


A third power center, standing physically between 
the two mentioned above but not normally connected 
to them electrically, contains starters and breakers for 
cranes, building lighting, and other services needed for 
service with main power off. It is served from a dif- 
ferent source than the other two and can act as a stand- 
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by of limited capacity when the two 1,000-kva. auxiliary 
transformers are disconnected from their normal source. 


EMERGENCY POWER 


In the event main power is interrupted when the 
main drive and compressors are running, their large 
rotating mass would continue to roll for as long as 50 
min. (under low tunnel density conditions). This 
requires that some provision be made for lubricating 
bearings, energizing mechanical brakes, and other vital 
auxiliaries during this interval. This is especially true 
of the compressor bearings, which require excess oil 
to be circulated, in addition to that required for lubri- 
cation, simply to carry away heat transmitted from the 
working air and hot parts of the compressor, which 
reach 650°F. and higher. Therefore, a 300-kw. diesel- 
engine generator set has been installed to power these 
vital auxiliaries (principally lubricating oil pumps), 
while the compressor and drive coast to a low speed. 


COMPRESSOR INSTRUMENTATION 


The controllable stator blades of the compressors 
are driven by 440-volt, three-phase reversing motors 
controlled manually by remote switches located in the 
transonic and supersonic aerodynamic control stations. 
Blade position is indicated by Synchrotie transmitters 
and indicating receivers at the same control stations. 

Compressor inlet, outlet, and interstage pressures 
and temperatures are read and averaged at several 
stations in each compressor. These readings appear 
on sets of instruments at the aerodynamic control 
station adjacent to the blade position indicators. Com- 
pressor stall warning is also provided by high-response 
pressure pickups, which actuate an alarm and indicator 
at the main control station. 

Mechanical instrumentation to read shaft and bear- 
ing vibration, axial spindle position, and blade tip 
clearance is also provided on each compressor and in 
dicated or recorded at the aerodynamic control stations. 
Provision is made for using the vibration pickups in 
conjunction with a sine-wave generator and HQ balance 
ing set during the initial balancing of the compressors. 


APPENDIX (I1)—-UNUSUAL STATISTICS 


(1) Inertia of the rotating system—84,000,000 Ibs. 


(2) Stored energy in shaft when operating at 600 
r.p.m.—9,350,000 hp.-sec. 

(3) Length of longest shaft in drive system—45 ft. 
(4) Length of entire rotating system—575 ft. 

5) Airflow past a given point—13,000,000 cu.ft. 
per min. 

(6) Transonic rotor—forged-steel blades, 2 ft. wide 
and 6 ft. long, weigh 1,200 lbs. each. These blades are 
mounted on discs 18 ft. in diameter. Centrifugal force 
tending to pull each blade from its roots is 800 tons. 

(7) Liquid rheostats—heat dissipation capacity of 
25,000 kw. each. Electrodes are 3 ft. in diameter. 
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APPENDIX (II)—ENGINEERING HIGHLIGHTS 


Some of the new engineering developments resulting 
irom design and construction of the compressor and 
drive system for the Propulsion Wind Tunnel are: 

(1) Development of new techniques for using low- 
speed model data in achieving full-scale design. (A 
'/1s-scale low-speed model was built by Westinghouse 
and used to gather data for the full-scale model.) 

(2) Stator-blade control used for volume regulation of 
large multistage axial-flow compressors. 

(3) Application of detuning techniques for preventing 
dangerous resonant frequencies in large forged-steel 
rotor blades. Detuning has been applied previously 
to turbines and to small compressors but never to a 
compressor system of this magnitude. For the Propul- 
sion Wind Tunnel compressor rotors, the distribution 
of blade thickness and disc profile were selected to set 
their natural frequencies above lower multiples of the 
compressor operating speed. 

(4) Development of large remotely operated flexible 
disconnect couplings. 

(5) Design and application of huge iris valves 
(approximately 35 ft. in diameter). 

(6) Design and manufacture of the most powerful 
electric motors ever built (83,000-hp. synchronous 
motors). The largest motors previously built were 
65,000-hp. pump motors for Grand Coulee Dam. 

(7) Design and manufacture of largest liquid rheostats 
ever built. 

APPENDIX (III)—SEQUENCE OF OPERATIONS FOR 

STARTING 


Suppose tunnel conditions require all four motors to 
drive compressors C2 and C3. The operator must: 

(a) Select configuration 2 on the setup switch. Select 
automatic auxiliary start operation on auxiliary setup 
switch. 

(b) Push auxiliaries single-start button that starts all 
lubricating oil pumps, lift pumps, dry-sealing air 
blowers, iris valves, hydraulic pumps, etc., required for 
bearings 5 through 18 inclusive, and all other auxiliaries 
required for proper operation of configuration 2. 

(c) Open remote disconnect coupling RC-2, breaking 
the supersonic compressor shaft between C3 and C4. 

(d) Set first iris valve to direct air into C3 from C2 
and not into the by-pass duct. 

(e) Set second iris valve to direct air from C3 into the 
by-pass duct and not into C4. 

(f) Stop turning gear (if running). 
as turning gear is overriding.) 


(This is optional 


(g) Make sure that manual flexible disconnect 
coupling between drive and transonic compressor is 
broken and other couplings are properly connected. 

(h) When all necessary auxiliaries are running, a 
drive-ready light glows. If the test-crew supervisor is 
satisfied that the tunnel and compressor are in readiness, 
the main drive can be started by pushing one button at 
the main duplex control board, 


Fic. 5. Inserting rotor into stator of one 83,000-hp. motor. 
End of rotor shaft is carefully positioned against shaft end of 
adjoining 25,000-hp. motor. When the shafts were connected, 
the stator was moved to the right until it was in position. 


Fic. 6. The four drive motors in the partially completed 
tunnel facility. The two in the center are 25,000-hp. wound- 
rotor motors; those on the ends are 83,000-hp. synchronous mo- 
tors. 


(i) The liquid rheostats are automatically controlled 
to hold the starting inrush at 20,000 kva. during the 
first 40 sec. after M2 main breakers are closed; then 
M3 main breakers are closed and the inrush is similarly 
controlled; then the drive is automatically accelerated 
to the speed preselected by the operator (600 r.p.m.). 

(j) The speed selector dial is set to 600 and the motors 
are accelerated at 210 per cent torque under the in- 
fluence of the automatic power-rate controllers, which 
hold their combined rate of power increase to 30,000 
kva. per min. Additional regulator-sensing elements 
prevent exceeding current limits, keep load balanced, 
and provide velocity feedback and fine speed matching 
as the drive approaches the preselected speed. 
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(k) The voltage of the incoming synchronous motors 
is regulated to match line voltage, and, when slip 
frequency, phase relationship, and voltage are satis- 
factory, the synchronous motor most remote from the 
load is connected to the line (M1 in this case). 

(1) Again, the regulators operate to raise the liquid- 
rheostat electrodes and thus cause the wound-rotor 
machines to develop less torque at the existing speed 
(600 r.p.m.). This, in turn, transfers load to the 
synchronous motor M1, which ‘‘twists’”’ the drive shaft 
between M1 and the connected load an amount pro- 
portional to the driving torque being developed by 
M1. 

(m) If it were not for special provisions in the manual 
disconnect coupling, this twist would prevent the large 
synchronous motors (Ml and M4) from _ properly 
sharing the load. When making up that coupling, 
however, the operator ‘‘off set’’ it in such a way as to 
counteract this shaft twist, so that, as load is increased 
on M1, M4 is brought into correct phase relationship 
with the bus, and its breaker is automatically closed. 
The operator sees an indication of this by observing the 


1954 


Synchroscope of motor M4, whose pointer is standing 
still a few degrees ahead of 12 o'clock after M1 is on the 
line and then gradually moves exactly to 12 o'clock as 
load is transferred to M1 by unloading the wound 
rotor machines. 

n) When both synchronous machines are on the line, 
the main aerodynamic control station is notified and 
tunnel density can be increased. The load regulators 
see to it that the resulting additional load is taken by 
the synchronous machines until they are 95 per cent 
loaded, after which the wound-rotor machines take the 
remainder until they are fully loaded; then the 
synchronous machines take the last 5 per cent of their 
capacity if the driven load requires it. This pattern 
can be altered at will by the operator making simple 
adjustments. Holding 5 per cent of the synchronous 
capacity in reserve merely ensures that small, sudden 
increases in load below the full installed capacity will 
be taken by the synchronous machines within their 
rating, rather than at overload, and also tends to reduce 
the reactive kva. swings. 

The above operations require about 8 min. 
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Sixteenth Wright Brothers Lecture—Technical Trends in Air Transport, William Littlewood aan 
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The Earth's Atmosphere, H. E. Roberts, including 20- by 16-in. colored chart (Reprinted from the 
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“Fifty Years of Flight"—A Chronicle of the Aviation Industry in America, 1903-1953, Welman A. 
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IAS Honors Night Dinner Address 


(Continued from page 51) 


our scientific environment will make of man, for an 
environment effects the form and thought of each 
new generation. To date, the results of science have 
been primarily materialistic. We have measured suc- 
A 
materialism that overemphasizes short-term survival 


cess by our products rather than by ourselves. 


detracts from the humanism essential to long-term 
survival. We must remember that it was not the outer 
grandeur of the Roman but the inner simplicity of the 
Christian that lived on through the ages. 

‘“T have stated a problem. You have the right to 
I believe the solution lies in each 
individual, through the standards he holds; that it 
lies not in political parties or radical movements, 
but in human values and gradual trends; not in a 
greater complication, but in a greater simplicity of life. 
In other words, I believe that the solution lies within 
ourselves and that we can find it nowhere else. 


ask for a solution. 


Our 
parties, movements, laws, and codes are important, 
but they are only outward manifestations of our in- 
ward values. The excessive materialism of the modern 
world is a reflection of the excessive materialism in 
modern man. Nothing is gained by attacking the 
reflection; we must concentrate on the source; and in 
doing so, we can be successful only by bringing to our 
assistance the factors of trend, faith, and time. 


‘““‘Unexpanded by the time dimension, flattened on a 
momentary, mental screen, the chaos of our modern 
world is staggering. We watch assemblies and con- 
ferences bog down until we realize that man has not 
the wisdom to solve his problems by any sweeping, 
detailed plan. But when we add the scope of time and 
release in it the catalyst of faith, the future clarifies, 
and we see that, within the bounds of natural law, 
man’s destiny is shaped by man’s desire. We desired 
a mechanistic civilization; that set the trend, and we 
achieved one. To achieve a civilization based on hu- 
man values requires the desire within ourselves. If we 
actually have that desire, our scientific, industrial, 
and military forces will fall, automatically, into line 
behind it, supporting with material strength the human 
qualities essential to overall power and permanent 
survival. 

“But we must have more than an intellectual desire 
filed away in the archives of idea. It must enter the 
roots of our being until it shapes our action instinc- 
tively, as well as through the conscious mind, until we 
see the producer as more important than his product, 
and find it no sacrifice to renounce material standards 
of success—until we realize in our bones, as well as in 
our brains, that the character of man still forms the 
essential core of a lasting civilization.”’ 
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Corporate Member News 


e Air Associates, Incorporated ... The 
Air Research and Development Command, 
USAF, has announced that a multifre- 
quency portable UHF communications set, 
AN/PRC-14, is being produced in quan- 
tity by Air Associates. Designed primar- 
ily for ground-to-air use, this new elec- 
tronic product is but half as heavy as 
presently used sets and has a greater 
range. The set measures 8 by 10 by 2.75 
in. and is carried about by means of a 
conventional infantry man’s shoulder 
harness. The antenna is attached to the 
top of a steel helmet. The communica- 
tions set was developed by the Electronic 
Research Laboratories at Rome Air De- 
velopment Center, Griffiss AFB, N.Y., and 
by Air Associates’s Electronic Equipment 
Division. 

e Aircraft Radio Corporation... An in- 
verted ‘‘L”’ antenna, broadbanded to cover 
118-148 mce., with a vertical section of 8 in. 
and a horizontal section of 13 in., has been 
developed. This VHF antenna, desig- 
nated A-15, may be single-hole mounted 
on the undersurface of the smallest two- 
place helicopter. The company states 
that it has been designed to withstand mild 
icing and may be used on aircraft that can 
fly at 250 m.p.h. 

e American Bosch Corporation ... A new 
branch plant of approximately 100,000 
sq.ft. is now under construction in Colum- 
bus, Miss., and is scheduled for completion 
this coming April 1. 

@ Bell Aircraft Corporation ...On Decem- 
ber 12, Major Charles E. Yeager, USAF, 
flew the Air Force Bell X-1A at a speed 
of more than 1,600 m.p.h. above Edwards 
AFB, Calif. To make this flight, the X-1A 
was carried aloft in the bomb bay of a 
specially modified Boeing B-29. The X- 
1A, the fifth article in the X-1 series of 
planes built by Bell for the Air Force, is 
covered with a polished duraluminum and 
is unpainted save for the under part of the 


wings and the ventral fin which are 
painted white to aid visual tracking. The 
X-1A, which is of conventional straight- 
wing configuration, is 35 ft. 7 in. long and 
10 ft. 8 in. high and has a wing span of 28 
ft. Fully fueled for launching, it weighs 
over 16,000 Ibs. This research plane is 
powered by a liquid-propellant rocket en- 
gine, built by Reaction Motors, Inc. The 
engine develops 6,000 Ibs. of thrust by vir- 
tue of four 1,500-lb.-thrust rockets that 
comprise the engine assembly and which 
may be fired either singly or in concert. 
Under full power, the X-1A has a flight 
endurance of approximately 4.2 min. 

e@ Boeing Airplane Company ... A com- 
pany release listed the following nine items 
as highlighting its 1953 activities: (1) des- 
ignation of the Wichita Division by the 
USAF as a second source 
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of the Boeing 
Stratofortress production; (2) con- 
tinued on-schedule production by the 
Wichita Division of B Stratojets and 
KC-97 Stratofreighters by the Seattle 
Division; (3) the Bomare pilotless inter- 
ceptor program; (4) construction progress 
of the nation’s first jet transpert proto- 
type; (5) new models in both the B-47 and 
C-97 series; (6) successful tests with the 
world’s first experimental jet tanker; (7 
the announcement of a forthcoming turbo- 
prop version of the C-97; (8) delivery of 
the last of its propeller-driven bombers, 
thus making Boeing bomber production 
strictly jet; and (9) numerous record and 


outstanding performances by Boeing 
planes. 
e Canadair Limited...It was recently 


reported that a maritime reconnaissance 
version of the four-engined Britannia will 
be built by Canadair under license from 
Bristol Aeroplane Company, Ltd., Eng- 
land. The date for initiating Britannia 
production has not been announced. 

e@ Chance Vought Aircraft, Inc... . Fred- 
erick O. Detweiler has been elected Presi 


The X-1A, designed and built by Bell Aircraft Corporation, was flown at a speed of more 
than 1,600 m.p.h. on December 12. For further details on this rocket-powered research plane, 


see the Bell item on this page. 
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dent of the newly formed, wholly owned 
subsidiary of United Aircraft Corporation 
Mr. Detweiler was formerly the manager 
of Chance Vought Aircraft Division. For 
details of the change-over from a division 
to a subsidiary of United Aircraft, please 
refer to the United Aircraft item in the 
Corporate Member News of the February 
AERONAUTICAL ENGINEERING REVIEW 

e@ Consolidated Vultee Aircraft Corpora- 
tion... An order has been received by Con 
vair to convert an undisclosed number of 
RB-86 reconnaissance bombers into car 
riers for Republic Aviation Corporation's 
RF-84F reconnaissance fighters. An RB 
36 so modified is able to take off with a 
“parasite”? RF-84F attached to the under 
part of the bomber’s fuselage and, onc 
airborne, to release and retrieve th 
fighter while in flight. The development 
work on this RB-386-RF-84 combination, 
known as ‘‘Project Ficon,”’ began in 1950 
Tests on this air-launching technique wert 
conducted by the personnel of the USAI 
Air Research and Development Com 
mand, Republic, and Convair. The origi 
nal RB-386-RF-84 Ficon combination is 
currently undergoing additional develop- 
mental testing at Convair’s Fort Worth 
Division The lastest version of the 
Convair’s USAF bombardier trainer, th« 
T-29D Flying Classroom, is equipped with 
camera-scoring units and other classified 
electronic gear. It has stations for seve 
students and instructors. The T-29D is 
one of three USAF planes developed from 
the same design. The others are the T-29C 
navigator-bombardier trainer, containing 
stations for 14 students and instructors, 
and the C-131A Flying Samaritan, de 
signed to carry 27 litters or 40 passengers 
or combination loads. 


Cornell Aeronautical Laboratory, Inc. ... 
The newly developed hypersonic impuls« 
tunnel, referred to in last month’s Cor 
porate Member News, has tested rocket 
and missile models under stratospheric 
conditions at speeds of 10,000 m.p.h. The 
duration of the 10,000-m.p.h. test is ap 
proximately 1/1,000 of a second; tests of 
greater duration would melt the ap 
paratus. The wind tunnel is said to be 
capable of reaching Mach 20, or about 
14,000-15,000 m.p.h. This tunnel, be 
lieved to be the fastest of its type in the 
world, was developed under contract with 
the USAF’s Arnold Engineering Develop 
ment Center, after the project originated 
under the laboratory's own funds. 

Curtiss-Wright Corporation .. . Accord- 
ing to a recent announcement, the Turbo 
Compound aircraft engine has been given 
a new and higher military rating of 3,700 
hp. At its new 3,700-hp rating, the Turbo 
Compound is the ‘“‘most powerful 18-cylin 
der engine’ yet developed, yields 1 hp 
for each 0.92 lb. of dry weight, and pro 
duces 1 hp. for every 0.91 cu.in. of displace 
ment. This type of engine currently 
powers the Douglas DC-7 and the Lock 
heed Super Constellation air-line transports 
and a series of military aircraft, including 
the Martin P5M, Lockheed P2\V, Fairchild 
C-119, Lockheed R7V, and Lockheed 
C-121. 

e Elastic Stop Nut Corporation of America 
...A recently developed two-lug anchor 
lock nut is said to be up to 45 per cent 
lighter than previous designs, to be easier 


' 
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Double Barreled 


Two power-packed jet engines, two “decks” of 52 
rockets, two men at controls and triggers, up to two 
thousand miles of range...and the comforting assur- 
ance of single-engine performance if necessary; that’s 
the Northrop Scorpion F-89. These U.S. Air Force 
interceptors now stand ready for double-duty defense 
at far-away bases; they can rise in seconds on first 
radar alert to intercept air invaders, and they can fol- 
low, harrass and destroy them hundreds of miles be- 
fore they reach target. The long-range Scorpion F-89 
is one of many precision products built by Northrop 
for all branches of the U.S. Department of Defense. 


NORTHROP 


NORTHROP AIRCRAFT, INC. e HAWTHORNE, CALIFORNIA 


Pioneer Builders of Night and All Weather Interceptors 
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LINEATOR 


is years ahead 


The Chance-Vought Cutlass was 
an advanced design in 1947. It is 
a leader today. The same is true 
of Airborne’s LINEATOR, which 
was developed for the Cutlass 
flight control system. Today, seven 
years later, there is not another 
“tee” type linear actuator like it. 

The same basic model is used 
in the latest of the Cutlass series, 
and in the McDonnell Banshee. 
Modifications of the LINEATOR 
are specified equipment in the 
McDonnell Demon; its Air Force 
companion, F-101; and the Mar- 
tin PSM patrol bomber. 

Conforming to MIL-A-8064 
(USAF), the LINEATOR is most 
adaptable where light weight and 
short length, for a given stroke, 
are desirable features. A ball bear- 
ing jack screw enables it to handle 
1500 Ib. maximum operating load 
in either tension or compression. 

Airborne has set the pace in the 
actuator field with advanced de- 
signs like the LINEATOR. As air- 
craft configurations change and 
speeds increase, count on Air- 
borne for more of the same. For 
information on the LINEATOR and 
other actuators, see our literature 
in the I.A.S. Catalog. 


Accessories Corporation 


HILLSIDE 5, NEW JERSEY 


to weld, and to require up to 75 per cent 
less critical material. Designed for service 
up to 1,200° F., the new ESNA ZA1W1200 
is available in 8-32, 10-32, and 1/4-28 
thread sizes. It can be had with base 
plates with plain lugs, lugs with projections 
for welding, or lugs with holes for riveting. 
The new ZA1W1200 is functionally and 
dimensionally interchangeable with ESNA 
ZA1-1200 nuts. .. . A new and improved 
AISI 420 corrosion-resistant steel ‘‘Roll- 
pin” is now available, according toa recent 
company release. This ‘‘Rollpin,’’ capable 
of withstanding a 100-hour salt-spray 
test, meets the requirements of AMS 7207 


e Flight Refueling, Inc. ... The company’s 
permanent mailing address is now Post 
Office Box 1701, Baltimore 3, Md. Gen- 
eral Offices and Engineering are tempo- 
rarily located at 930 East 22nd St., Balti- 
more. Telephone: Hopkins 7-9200. TWX 
No. BA99. The permanent location of 
these offices will be established at Friend- 
ship International Airport, Baltimore, 
when facilities now under construction 
there are completed in mid-1954. Manu- 
facturing, Quality Control, and Purchasing 
will remain at the Municipal Airport, 
Danbury, Conn., until further notice. 
The phone is Danbury 8-5611 


e Flight Safety Foundation, Inc... . / At 
the recently held Annual Meeting of the 
Board of Governors, J. Carlton Ward, Jr., 
MIAS, President, Vitro Manufacturing 
Company, was elected Chairman. At the 
same time, Rear Adm. Luis de Florez, 
USN (Ret.), FIAS Chairman of the 
Board, The de Florez Company, Inc., was 
appointed to the Executive Committee, 
succeeding Lt. Gen. Elwood R. Quesada, 
USAF(Ret.), now with Lockheed Aircraft 
Corporation as Vice-President and General 
Manager of the new Missile Systems 
Division. General Quesada continues on 
Flight Safety Foundation’s Board of 
Governors. 


e@ General Electric Company .. . It was 
announced on December 22 that initial 
tests had been conducted at the new 
$1,000,000 addition to G-E’s plant near 
Johnson City, N.Y. This new facility is 
being used for environmental controlled 
testing of aircraft armament systems built 
by the company for USAF bombers. 

e Jack & Heintz, Inc.... / A manufacturing 
safety award for 1953, sponsored by the 
Industrial Commission of Ohio and the 
Greater Cleveland Safety Council, was pre- 
sented to Jack & Heintz for ‘‘the best con- 
tinuous production record without accident 
in the six-month period beginning April 
1 and ending September 30.’ 

e@ The M. W. Kellogg Company... A 16- 
page “Buyers Guide’’ lists sources of 
“‘Kel-F”’ polymer materials, finished prod- 
ucts, as well as application services offered 
by more than 75 U.S. and Canadian com- 


panies. This newly issued booklet is avail 
able without charge from the Technical 
Service of Kellogg’s Chemical Manu 


facturing Division. 


Lockheed Aircraft Corporation . .. The 
mechanized final assembly line for T-33 
jet trainers, recently installed at Lock- 
heed’s Van Nuys, Calif., plant for ap- 
proximately $60,000, has enabled some 
3,000 man-hours per month to be lopped off 
the production time. This continuously 
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ALL-STAINLESS 
FLEXIBLE 


TUBING ASSEMBLIES 


CHOSEN 


FOR 
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FIRE 
EXTINGUISHER 
SYSTEMS 


with 
CBM and CF3BR 
AGENTS 


AVICA corrosion resistant. Stain- 
less Steel tubing and Stainless 
Steel fittings have withstood the 
2000° Fahr. flame test. for ten 
minutes without failure and are 


suitable for use with all chemical 


Our Engineers are at your service. 


Please wire or phone. 


AVILA CORPORATION 


P.O. BOX 1090 
PORTSMOUTH, RHODE ISLAND 
TEL. PORTSMOUTH 479 
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ALLIED provides 


industry’s most complete 


SHEET METAL 
DIE SERVICE 


What constitutes the all-inclusive service 
offered by Allied’s Allite Division in Hillsdale, 


Michigan? 


Facilities include a plaster pattern shop... 
foundry and manufacturing facilities for sheet 
metal dies made of plastic, zine alloy and iron... 
a wide range of press equipment .. . a fully 
equipped metal shop for finishing of stamped 

parts. 


Five presses of medium-to-large capacities 
are utilized for tryout and for short run produc- 


tion of customers’ parts such as those used in 
i prototype assemblies. The largest and newest 
(installed during 1953) of these presses is the 
1500-ton triple-action Clearing hydraulic press 
shown at the right. With 60-inch stroke and a 
bed, ram and blankholder area of 8 feet by 13 
feet, it provides adequate capacity for dies up to 
the largest sizes. 


Regardless of what your sheet metal die 
requirements may be—whether for a few experi- 
mental parts or for high volume production— 
here the finest in modern equipment and the 


proven abilities of experienced men are put to 
work for you. If you are not thoroughly familiar t 
with the many ways in which this Allied service ¢ LU, / 
can save you time, money and uncertainty, we'll Pee Her 

| be happy to send you full details. SPECIAL COLD FORGED PARTS e STANDARD CAP 


SCREWS e HARDENED AND PRECISION GROUND 
PARTS e R-B INTERCHANGEABLE PUNCHES AND DIES 


ALLIED PRODUCTS CORPORATION 


DEPT. D-17 12655 BURT ROAD DETROIT 23, MICH. 


PLANT 1 PLANT 2 PLANT 3 PLANT 4 
Detroit, Mich. Detroit, Mich. Hillsdale, Mich. Hillsdale, Mich. 
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North American Aviation, Inc., has designed this two-place trainer version of the F-86 


Sabre. For details of this transonic trainer, please refer to the North American item on this 


page. 


moving line is U-shaped, has an overall 
length of 725 ft., and has 22 separate as- 
sembly stations. 

@ McDonnell Aircraft Corporation . .. The 
first of an entirely new series of carrier- 
based fighters, the all-weather single-jet 
F3H-1N Demon, has been delivered to the 
U.S. Navy. The thin wings and tail sur- 
faces are swept back sharply. The wings 
have a span of 35 ft. 4 in. and can be folded 
for compact stowage aboard aircraft car- 
riers. The fighter is over 59 ft. long and 
has a height of almost 14 ft. It is powered 
at present with a single Westinghouse J-40 
turbojet engine; however, the Demon will 
be equipped with the Allison J-71 power 
plant when these engines become available 
The armament consists of fast-firing high- 
velocity 20-mm. cannon and multiple com- 
binations of external stores, including a 
large number of air-to-air rockets. 
Robert H. Charles, a Director and a mem- 
ber of the Executive Committee, has been 
appointed Executive Vice-President. 

@ Meletron Corporation . . . Production, 
interrupted by a fire on December 29 that 
severely damaged Meletron Plant No. 1, 
was recommenced on a limited basis within 
9 days after the crippling fire. Salvage 
and new construction operations were be- 
gun on the damaged building on January 
6. It was expected that the offices of the 
corporation, temporarily located at 6767 
Romaine St., Hollywood, Calif., would be 
returned to the rebuilt plant at 950 N. 
Highland Ave., Los Angeles, 45 days later. 
@ Minneapolis-Honeywell Regulator Com- 
pany... The recently announced MG13A 
Actuator is said to meet the military air- 
craft requirements of MIL-E-5272, AN-E 
19, MIL-A-5906, and MIL-E-7894. This 
new unit, which weighs 1 lb. 14 0z., con- 
sists of two-phase reversible induction 
motor, a velocity signal generator, and a 
50-to-1 gear train. The unit has a diame- 


ter of 29/;, in. and a length of 5in.. . 

Charles B. Sweatt, who has been Executive 
Vice-President since 1945, was recently 
elected to the newly created post of Vice 
Chairman of the Board of Minneapolis- 
Honeywell. At the same time, two 
former Vice-Presidents, Tom McDonald 
and A. M. Wilson, were made Executive 
Vice-Presidents. 

e North American Aviation, Inc. ... A 
two-place trainer version of the F-86F 
Sabre is now undergoing flight evaluation 
by the corporation's Engineering Flight 
Test Section. It is designed for advancec 
pilot training in high-speed flight, gunnery, 
and dive bombing. In building the trainer, 
North American engineers added a tandem 
cockpit, dual controls, and a duplicate in 
strument panel to the original installa 
tions of the F-86F. Only two modifica 
tions of the F-86F’s airframe were neces 
sary to compensate for the additions: 
the fuselage section between the nose and 
wing roots was extended 63 in., and the 35 
sweptback wings were moved forward 8 in. 
The trainer prototype is powered with a 
General Electric J-47-GE-27 turbojet en 
gine. The trainer has retained most of the 
performance characteristics of the original 
F-86F; it is rated in the 650 m.p.h. class, 
has a maximum service ceiling of 45,000 ft., 
and has a combat radius of over 600 
statute miles. Provision has been made 
for installation of two 0.50-cal. machine 
guns for gunnery practict The trainer 
version has retained the ill flying tail,” 
the APG-30 radar set, and the A-4 gun 
sight... . / An undisclosed number of FJ-4 
carrier-based jet fighters will be produced 
by North American’s Columbus Division 
for the U.S. Navy. The FJ-4’s are to be 
powered by Curtiss-Wright J-65 Sapphires. 


@ Northrop Aircraft, Inc. ... / An office has 
been opened at Ogden, Utah, for liaison 
with USAF activities centered at Hill AFB 
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L. H. Coates is the Manager of Northrop’s 
Ogden office. 

e The Parker Appliance Company 
Catalog No. 4370, now available on request 
from Parker’s Cleveland office, presents a 
new line of socket-type Weld-lok tube 
fittings for permanently welded joints 
These Weld-lok tube fittings come in steel 
or stainless steel for all commonly needed 
body shapes. Sizes range from !/j4-in 
through 2-in. outside diameter. This new 
line includes unions, adapters, connectors, 
tees, crosses, gage connectors, and elbows 


e@ Piasecki Helicopter Corporation .. . It 
was recently announced that a program has 
been reactivated to have the YH-16 Trans 
porter certificated for commercial use by 
the CAA. 

e@ Republic Aviation Corporation . . . The 
Board of Directors recently elected Walter 
G. Bain a Vice-President of the corpora 
tion. Mr. Bain was previously Executive 
Assistant to Mundy Peale, AMIAS, Presi 
dent of Republic Aviation ... . William 
H. Moore has been elected to the corpora 
tion’s Board of Directors. Mr. Moore is 
Vice-President of Bankers Trust Com- 
pany. 

e Solar Aircraft Company... A European 
Division of Solar Aircraft was recently 
formed, with W. E. P. Johnson as Man 
ager. Mr. Johnson, a British pioneer in 
the development of gas-turbine engines, 
has his headquarters in London, where 
Solar has opened an office. Mr. Johnson's 
territory covers Free Europe. His duties 
include licensing European firms to use 
Solar designs and processes, sale of Solar 
products, interchange of technical infor 
mation, and obtaining European patents 
for use by Solar in the United States. 

e Sperry Gyroscope Company, Division 
of The Sperry Corporation ... A facility 
has been added in Cleveland for the pur 
pose of expanding sales and servicing of 
aviation equipment in the Great Lakes 
area. This addition is a one-story building 
located at 3807 W. 150th St., Cleveland 
e Stratos Division, Fairchild Engine and 
Airplane Corporation .. . An evaporativ 
refrigeration system that combines an air 
eyele refrigeration system with a water 
evaporator and conventional air-to-air 
heat exchangers has been built by Stratos 
for the research aircraft. The 
built by Douglas Aircraft Company, Inc., 
under joint USAF-USN-NACA sponsor 
ship, uses air bled from its jet engines for 
pressurization and cooling. The bleed air 
is first passed through a ram air heat ex 
changer and a blower heat exchanger. The 
cabin air is next passed through an open 
cycle evaporative cooler in which the water 
is hoiled away at temperatures substan 
tially under water's sea-level boiling point 
and well below the effective temperature of 
the air immediately surrounding the air 
craft The temperature is further re 
duced in an air-cycle refrigeration turbin« 
before entering the cockpit. This Stratos 
designed refrigeration system is said to 
constitute the first aircraft application of 
evaporative cooling. 

@ United Air Lines, Inc., and Curtiss- 
Wright Corporation ... The first of four 
electronic simulators, designed and built 
by Curtiss-Wright, has been delivered to 
United Air Lines. The one already de 
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DEFENSE PRODUCTS of High Quality at Low Cost DELIVERED ON TIME 


Would you like employment offering travel and educational 
opportunities? We invite graduate electronic, mechanical, 
servo and field service engineers to write our Salary 
Personnel Department for booklet “You and Your Future.” 


Classrooms for the training of field service person- 
nel are equipped with the most modern facilities. 


Field Service Training 


That Pays Off 


One of the most vital factors in maintaining complex electro- 
mechanical devices — as well as test equipment — at maximum 
efficiency in the field is the caliber of the civilian and military 
personnel responsible for their day-to-day upkeep and repair. 
To adequately train both civilian and military personnel, AC 
maintains completely equipped and staffed schools, and sup- 
plies the Armed Forces with civilian technical personnel — 
under contract — for assignment here and abroad. 

AC is now producing—in volume—these complex, high- 
precision, electro-mechanical devices for the Armed Forces: 


@ “A” Series Gun-Bomb-Rocket Sights 
@ A-1A Bombing Navigational Computers 
@ T-38 Fire Control System for the Skysweeper 


AC SPARK PLUG DIVISION... GENERAL MOTORS CORPORATION... FLINT, MICHIGAN 
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a the category of personal aircraft, 


there is no name better known than Piper. 
Leading the trend in this field 
toward faster, safer, roomier planes 
is the new twin-engined Piper PA-23 “APACHE”. 
For this sleek ship — practical for 
night flying under instrument control — 
Electrol engineers integrated their 
technical skill with that of 
Piper designers to build 
the necessary hydraulic components. 
This same coordinated effort is at the 


disposal of all aircraft manufacturers. 


Electrol 


~ KINGSTON, | NEW-YORK 


CYLINDERS * SELECTOR VALVES * FOLLOW-UP VALVES ] 
CHECK VALVES «+ RELIEF VALVES * HAND PUMPS | 
POWERPAKS + LANDING GEAR OLEOS * SOLENOID | 
VALVES «ON-OFF VALVES+ SERVO CYLINDERS * TRANSFER 
ul VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES Jann 
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livered duplicates the flight characteristics 
of a Mainliner Convair; it will be followed 
by another Convair and two of the DC-6 
type. United Air Lines states that these 
four are the first to be purchased by a 
domestic air line and the largest number 
acquired by any air line. 

e Vickers, Inc. ... A new hydraulic-fluid 
booster pump, a reservoir-mounted hy 

draulic motor-driven accessory, is now 
being produced. To be used where hy 

draulic reservoirs are located an extended 
distance from the system hydraulic pumps 
or where altitude problems exist, it ‘‘pro 
vides reservoir oil under pressure to over 

come line losses and assures that an ade 

quate supply of oil is available at the main 

system pump(s) for most efficient opera 

tion.’ A conventional Vickers 3,000 Ibs 
per sq.in. MF-3906 motor is combined 
with the two-stage booster pump. The 
new model AA 15500 series oil booster 
pump can generate hydraulic power vary 

ing between 5 gals. per min. at a differen 
tial pressure of 100 Ibs. per sq.in. and 35 
gals. per min. at a differential pressure of 
18 lbs. per sq.in. The new pump and 
motor combination weighs 9.1 Ibs. <A 
new brochure, No. 5228, describing this 
hydraulic-fluid booster pump may be 
secured from Vickers’ Detroit office. 

Westinghouse Electric Corporation .. . 
On February 2, 15 employees of Westing 
house began a special 16-month course at 
The Harvard Graduate School of Business 
Administration, leading to Master of 
Business Administration degrees. During 
this period of study, the 15 men will re 
ceive their regular salaries from the com 
pany as well as their tuition and fees and 
such other expenses as travel and books 
If the company’s experience with this 
Graduate Business Administration Course 
is favorable, continuance of the Westing 
house program will be considered in future 
years 


IAS Sections 


Chicago Section 


Leland W. Sims, Secretary 


On December 17, the Chicago Section 
celebrated the Fiftieth Anniversary of 
Powered Flight by honoring aviation 
pioneers. Two hundred and seventy 
five members and guests attended the 
reception, social hour, and dinner in the 
Grand Ballroom of the Sheraton Hotel in 
Chicago where 26 famous and dis 
tinguished aviation personalities were 
guests of the Section at the speakers’ 
table. These included Herbert W. An 
derson, George J. Behl, Edwin G 
Bracher, John L. Carr, John A. Casey 
Lewis M. Churbuck, Ralph J. Hall, 
Brig. Gen. John P. Henebry, Carl V. 
Johnson, Col. Reed G. Landis, Louis A. 
Leverone, Capt. Benjamin  Lipsner, 
Joseph K. McLaughlin, William B. 
Miller, Jr., A. C. Moore, Brig. Gen 
Wilson V. Newhall, Col. Frank E. Quin- 
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dry, Joseph F. Read, Vice Adm. Charles 
E. Rosendahl, USN, Clarence N. Sayen, 
Howard L. Scamehorn, Roscoe Turner, 
Brig. Gen. Lafeton Whitney, and S. J. 
Wittman. 

The reception and social hour was 
opened at 6:45 p.m., and dinner was 
served at 8:00 p.m. The social hour was 
sponsored by the American Phenolic 
Corporation, Aircraft Engine Division- 
Ford Motor Company, and Air Asso- 
ciates, Incorporated. The meeting was 
opened by Chairman Alfred F. Stott, 
Dean of Engineering, Aeronautical Uni 
versity, at 9:00 p.m. Mr. Stott wel- 
comed all present to the most elaborate 
meeting ever held by the Chicago Sec 
tion. He, at this time, thanked the Pro- 
gram Committee Chairman, Charles L. 
Bonnette, and his committee for their 
efforts in making the prégram possible. 
Special credit was given to Kenneth L. 
Burroughs, President of the Aero 
nautical University; Norbert C 
Schnaubelt, Robert Saff, Benedict Vin- 
icky, and Harold Wackelin, all of Globe 
Corporation’s Aircraft Division; Theo- 
dore Linnert and Carl Eck, of the Air- 
line Pilots Association; and Orland J. 
Engle, of R. R. Donnelly Company, for 
their efforts, which lasted most of the 
summer, in making plans for this meet 
ing. 

Chairman Stott then introduced the 
Toastmaster for the evening, Dr. D. P. 
Barnard, Research Coordinator, Stand 
ard Oil Company of Indiana. Dr. 
Barnard introduced the guests, giving a 
brief historical background of each with 
particular emphasis on his contribution 
to the field of aviation. Dr. Barnard 
then introduced Louis A. Leverone, 
President of Nationwide Food Services, 
who has acted this past year as Chair- 
man of the Governor’s Committee for 
the Fiftieth Anniversary of Powered 
Flight. Mr. Leverone also represented 
Governor Stratton, who was unable to 
attend. He spoke briefly of the year’s 
activities in the commemoration of the 
Wright Brothers flight and expressed 
the regrets of the Governor for missing 
the event. 

Dr. Barnard then introduced the guest 
of honor and speaker, Ralph S. Damon, 
President, Trans World Airlines, Inc., 
whose address was titled ‘‘Aviation’s 
Next Fifty Years.’’ Mr. Damon de- 
scribed the accomplishments of the last 
fifty years, not only in the field of avia- 
tion, but in automotive, radio, television, 
and atomic fields of endeavor. When 
speaking of the accomplishments of the 
Wright Brothers, Mr. Damon empha- 
sized the careful preparations that they 
made and said that their work, though 
seemingly crude now, was actually carried 
out in an extremely studious manner. 
Many of the basic flying principles that 
they developed are still in use by 
modern pilots. 
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Typical of the wide va- 
riety of high quality 
wire and wire ribbon 
which makes Sylvania a 
leader in the wire-draw- 
ing industry. 


Sylvania offers wire in diameters, 
types and alloys for exacting electrical and 
mechanical requirements 


Sylvania’ s new and extensive facilities now pro- 
vide wires and wire ribbons for both your electri- 
cal and mechanical needs. Available in standard 
types and sizes .. . or drawn to your own specifi- 
cations. 

For example, you can have cold drawn wire of 
Nickel or Nickel Alloys, Stainless Steel, Nickel- 
Clad Steel, and other special-coated wires for 
high-temperature applications. Sylvania’s auto- 
matic, precision equipment is capable of drawing 
wire to .002 of an inch . . . assures uniform close 
tolerance and highest possible quality. 

Also available are wire ribbons, rolled flat or in 
special shapes including half-round, grooved, or 
knurled. So, if it’s a question of wire, remember 
Sylvania welcomes your 
problems. New illustrated 
folder tells about Sylvania’s 
advanced wire production 
and quality-testing meth- 
ods. For your copy address 
Dept. 4A-1003, Sylvania —_ Wire is drawn on this Sylvania machine 
today. from .100 to .040 inch diameter. 


SYIVANTA 


Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 


In Canada: ne Electric (Canada) Ltd. 
University Tower Bldg., St. Catherine Street, Montreal, P. Q. 
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Although the Wright Brothers gave vs 
the early advantage, the first 25 years 
after their flight showed other countries 
in the lead in the advancement of air- 
craft. World War I spurred develop- 
ment in aviation, but interest again 
waned until Lindbergh’s flight. Half of 
the past 50 years had then elapsed. 
Following this, the airlines, the Civil 
Aeronautics act, and World War II put 
America back in the lead in both com- 
mercial and military aircraft. 

As for the future, Mr. Damon pre- 
dicted the early adoption of the jet 
transport, but this adoption will be a 
minor event in the next 50 years, which 
will see many times more than has bee. 
accomplished in the past. The fact that 
aviation has won an accepted position i1 
everyone's life will accelerate its future 
advancement. He pointed out that 
aviation has not matured and will be 
subject to continued and increasing 
progress that will never be finalized. 
The full cooperation of all who are ea- 
gaged in all related fields of aviation will 
be necessary, because of the high degree 
of specialization now existing, for 
maximum progress in the years ahead. 

Chairman Stott then closed the meet 
ing at 10:15 p.m. with expressions of 
thanks to Mr. Damon and Dr. Barnard. 


Hagerstown Section 


George W. Westphal 
Secretary-Treasurer 


The December 8 meeting was called to 
order by the Chairman at 8:00 p.m. 
in the Packet Room of the Terrace Res- 
taurant. A letter from the Chairman 
of the Washington Section, Capt. W. C. 
Fortune, USN, expressing appreciation 
for the arrangements for the joint din- 
ner meeting of November 17, was read. 
Mr. Eisiminger, Chairman of the Pro- 
gram Committee, then reviewed the 
programs for the first months of 1954, 
including plans for a proposed field trip 
to the wind tunnel facility of the Aber 
deen Proving Ground on some evening 
or Saturday in March. 

The Chairman then read a financial 
report by the Secretary-Treasurer, which 
was approved by the membership as 
read. 

Mr. Eisiminger intreduced the speaker 
of the evening, Robert D. Rhodes, Chief 
Industrial Engineer of the Fairchild 
Aircraft Division and a graduate of the 
Carnegie Institute of Technology and 
the University of Hawaii. 

Mr. Rhodes’ subject, ‘‘Production 
Problems on Jet-Type Aircraft,” related 
specifically to production problems ex- 
perienced by the Fairchild Aircraft 
Division in producing the wing tips and 
fin of the B-52. The variety of indus 
trial-engineering problems encountered 
in setting up production of these B-52 
componeats was amazing. The com- 


plexity of the subcontracting structure 
was brought out, as were some of the dif- 
ficulties that result therefrom. The re- 
lationship between size of parts and pro 
ducibility was emphasized, the speaker 
showing how such seemingly unlikely 
factors as state labor laws become 
quickly involved as part sizes go up. 
The undesirability of having to do much 
forming in the jig was shown, as well as 
the tendency for this situation to exist 
early in production. 

Throughout his talk, Mr. Rhodes drew 
interesting comparisons between proc- 
esses on the B-52 and on the C-119, 
since these aircraft represent two dif- 
ferent ranges of the speed spectrum. 
The airfoil accuracy-to-contour and 
smoothness demanded by high speed 
make the fabrication of such components 
much more of a problem than the fabri- 
cation of corresponding parts on a low- 
speed airplane. Much more machining 
is required on the B-52 components; 
moreover, the required tolerances neces- 
sitate a high level of machine-tool main- 
tenance. Older tools, still with ade 
quate accuracy for C-119 components, 
cannot be used at all on the B-52 parts. 
The burden of the speed requirement in 
the B-52 is reflected by the pounds of 
airplane produced per square foot of 
factory area during a given period. 
This figure is 0.8 for the B-52 as com- 
pared to 2.0 for the C-119. Mr. Rhodes 
concluded his talk by answering numer- 
ous questions from the floor 

The meeting was adjourned at 10:00 
p.m. Attendance was 20 


Hampton Roads Section 


John E. Duberg, Recording Secretary 


On November 17, 1953, the Hampton 
Roads Section of IAS met at the Morale 
Activities Building of the NACA. More 
than 75 members and guests attended. 
Charles Zimmerman, Assistant Chief of 
the Stability Research Division of the 
Langley Laboratory of the NACA spoke 
on the subject ““The Design Problems 
of Vertically Rising Aircraft” and illus- 
trated his talk with motion pictures of 
flying scale models. 

To make his talk more concrete, Mr. 
Zimmerman based his discussion on the 
problems that he encountered in the de 
sign of low-aspect-ratio-wing aircraft 
with wing-tip-mounted propellers, capa 
ble of flying over an extremely wide 
speed range. His first interest in such an 
aircraft occurred at Langley Field in 
1933 when Fred Wiecke wanted to build 
a private-owner aircraft capable of 
taking off and landing in small fields. 
Working with him, Mr. Zimmerman in 
vestigated the possibilities of an aircraft 
with a low-aspect-ratio wing and with 
wing-tip mounted propellers and found 
that such an aircraft could be landed 
easily at steep angles of glide, but 
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that not enough power was available for 
take-off. The investigation was con 
tinued, and a flying model was con- 
structed at Langley in 1934. 

In 1937, Mr. Zimmerman joined the 
staff of the Chance Vought Aircraft 
Division of United Aircraft Corporation 
to develop a high-performance fighter 
capable of very steep landing and take 
off. In 1942, a 2,000-Ib. airplane, the 
V-173, was built which had wings of 
circular plan form with two propellers 
mounted on wing-tip nacelles. The 
V-173 could not hover, but it could fly 
at a maximum angle of attack of 41 
(Work on a larger aircraft, the XF5V-1 
was continued until it was cancelled in 
1948, when it appeared that its high 
performance could be exceeded by jet 
powered aircraft.) 

Problems peculiar to these aircraft 
include the maintenance of visibility 
over wide angle changes, the design of a 
long landing gear to support the aircraft 
at high angles of attack, and the ability 
to control over wide attitude changes. 
Probably the most difficult problem is 
that of the propeller design, and it may 
well be that flapping blades are required 
to reduce blade bending stresses; they 
were used on the V-173. A particularly 
difficult design aspect of the XF5V-1 
was the gearing to supply power to the 
wing-tip-mounted propellers. 


Los Angeles Section 
Evert C. Hokanson, Secretary 


The Fiftieth Anniversary of Powered 
Flight was most appropriately com- 
memorated by the Los Angeles Section 
on December 17. The program, pre 
sented by the Historical Branch of the 
L. A. Section with Jack Canary presid 
ing, had three outstanding highlights. 

First, Robert B. Johnston, RAND 
Corporation Engineer, gave a paper on 
“The Engineering Development of the 
Wright Brothers Airplane.’’ Most of 
us learned for the first time that the 
Wright Brothers actually used funda 
mental theories developed by them 
selves, their contemporaries, and prede 
cessors to construct first man-carrying 
kites and finally the first airplane to fly 
under its own power. The work was 
conducted on a scientific basis, not by 
the cut-and-try method as most of us 
had believed. Their patents on wing 
warping for lateral stability were well 
enough conceived to cover the later de 
velopment of movable ailerons. An in 
teresting historical film was shown from 
the private collection of Historical As 
sociate Edward Maloney. This film in 
cluded pictures taken of the Wright 
Brothers flights with the first movie 
camera developed by Thomas A. Edison. 
Mr. Maloney gave additional comments 
of interest about the Wright Brothers 
accomplishments. 
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Extruded magnesium floor beams 


Magnesium sheet and extrusions are 
support the DC-7’s huge payload. used in flap-vanes of the DC-7. 


Wheels of the 125,000-pound 
Douglas DC-7 are magnesium 
sand castings. 


Douglas DC-7 gains per payload capacity 


from magnesium castings, extrusions and sheet 


As the world’s lightest structural metal, magnesium’s 


srowing place in military aircraft is now well established. 
SI 


Designers of commercial planes are now taking advan- 
tage of magnesium’s exceptionally high strength-weight 
ratio. The luxurious Douglas DC-7, for example, 
depends on magnesium for such vital components as 
wheels, flap-vanes, floor beams and many others. 
Magnesium castings, extrusions and sheet are used in 


this fastest piston-powered commercial airliner. 


you can depend on DOW MAGNESIUM 


Magnesium lends itself readily to all ordinary methods 
of working and fabrication. Leading aircraft manufac- 
turers who now incorporate it in some of their finest 
products include Boeing, Convair, Sikorsky, Chance 
Vought and Douglas, among others. Magnesium may 
solve a strength-weight problem for you. For full infor- 
mation, call your nearest Dow sales office or write 
directly to THE DOW CHEMICAL COMPANY, Magnesium De- 
partment, Midland, Michigan, MA 3101. 
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Second, the authentic full-scale re- 
production of the Wright Brothers Air- 
plane was lowered from its place in the 
ceiling of the auditorium so all of the 400 
people attending the meeting could have 
a close-up view. There were many in- 
dividual discussions concerning both 
mechanical and aerodynamic design. 

Third, an unexpected treat, and par- 
ticularly fitting for the occasion, was 
a film, We Saw It Happen, by United 
Aircraft Corporation. This movie, de- 
picting 50 years of flight, is an outstand- 
ing documentary film, dramatically 
showing the tremendous _ technical 
achievements made by our industry. 
After seeing this film, no one connected 
with the aviation industry could help 
but be proud of the part he has played 
in its growth. 

Mr. Canary announced that the His- 
torical group is now making plans in 
conjunction with the Air Force Associa- 
tion to restore a World War I Sopwith 
“‘Snipe”’ to its original condition. When 
completed, it will be displayed in the 
Los Angeles Museum. 

The Los Angeles Section Summer 
Meeting Sub-Committee, under the 
Chairmanship of R. G. Fuller, has plans 
well established for an outstanding 1954 
Annual Summer Meeting. The dis- 
tinguished Chairmen for the subjects to 
be presented include: 

Homer Wood, Consulting Mechanical 
Engineer, AiResearch Manufacturing 
Company—Chairman, Accessory De- 
sign Problems Session. 

John R. Moore, Associate Director of 
Electro-Mechanical Engineering De- 
partment, North American Aircraft, 
Inc.—Chairman, Electronics and Air- 
craft Electrical System Session. 

Edgar Schmued, Vice-President in 
Charge of Engineering, Northrop Air- 
craft, Inc.—Chairman, Military Air- 
craft and Weapons Operation Session. 

George Mellinger, Chief of Flight 
Test, North American Aircraft, Inc. 
Chairman, Mechanical Problems of 
Flight Session. 

John R. Poppin, Consultant in Avia- 
tion Medicine—Chairman, Human 
Problems of Flight Session. 

Leo Carter, Vice-President and Gen- 
eral Manager of Douglas Aircraft Co., 
Santa Monica Division—Chairman, De- 
sign Implications of Production Engi- 
neering and Tooling Session. 

Dr. C. B. Millikan, Director of Gug- 
genheim Aeronautical Laboratory, 
Southern California Cooperative Wind 
Tunnel—Chairman, Aerodynamics Ses- 
sion. 

Jerome F. McBrearty, Chief Struc- 
tures Engineer, Lockheed Aircraft Cor- 
poration—Chairman, Structures Ses- 
sion. 

F. A. Cleveland, Bomber Group En- 
gineer, Preliminary Design Division, 
Lockheed Aircraft Corporation—Chair- 
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man, CONFIDENTIAL Session on Air- 
craft Development. 

These men are working with members 
of the Committee to select papers that 
will present fundamental educational 
and background material of real use to 
the aeronautical engineer in his daily 
work. 


San Diego Section 
H. C. Matteson 


Corresponding Secretary 


The San Diego Section concluded a 
vear of highly successful activities with 
two meetings in December. At a tech- 
nical meeting held on December 3, 
Arnold Ritter, of Convair, San Diego, 
presented a paper entitled “Application 
of the Interferometer to Aerodynamics.” 
R. B. Johnston, of The RAND Corpora- 
tion, presented his paper entitled ‘‘The 
Engineering Development of The 
Wright Brothers Airplane’ at a dinner 
meeting held on December 10. 

Mr. Ritter’s broad experience in Ger- 
many with interferometers, both before 
and during the war, made him especially 
well qualified to discuss this interesting 
equipment and its application to wind- 
tunnel studies of airflow phenomenon. 
His paper included an excellent descrip- 
tion of the interferometer and its opera- 
tion. Motion pictures and slides were 
employed to show how the characteris- 
tics of the airflow about an oscillating 
airfoil may be quantitatively deter- 
mined, as well as visually observed, by 
use of this equipment. 
tion-and-answer period 
Ritter’s prepared talk. 


A lengthy ques- 
followed Mr. 


Mr. Johnston gave a fine historical ac- 
count of the engineering development of 
the first successful powered airplane. 
He emphasized that the engineering 


methods employed by the Wright 
brothers closely parallel present-day 
practice. Slides were utilized to illus- 


trate the more interesting aspects of the 
design. Mr. Johnston noted that some 
of the design features employed on 
present-day aircraft were first con- 
ceived by the Wright brothers, including 
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the first aileron-rudder interconnect sys- 
tem which was utilized to solve a lateral- 
directional stability problem. This talk 
was considered particularly appropriate 
for presentation during the Fiftieth 
Anniversary of Powered Flight and was 
thoroughly enjoyed by all in attendance 

A review of the proceedings of the 
San Diego Section over the past year 
shows a high degree of activity. Twelve 
technical meetings and eight dinner 
meetings were presented. In addition 
a field trip and two dances were held 
The enthusiastic response of the mem 
bership to this program has been most 
gratifying to the Section officers. 

This was the first year in which the 
San Diego Section presented a compre 
hensive program of technical meetings 
These meetings are held at a compara 
tively high technical level, and in 
dividually they are planned to appeal to 
specific technical groups. They have 
been especially well received by the 
members. 

Plans are now being made to continue 
this successful program on an augmented 
scale during the coming year. 


Seattle Section 
Russell B. Light, Secretary 


Randolph Hawthorne, Managing Edi 
tor of Aviation Age, was the speaker at 
the November 18 meeting of the Seattle 
Section. The subject of his talk was 
‘Russian Airpower.”’ 

Mr. Hawthorne traced the develop- 
ment of several aircraft and engine 
types, and, with the aid of slides, showed 
the German influence on Russian de- 
signs. From his investigations of the 
growth of Russian airpower, Mr. Haw 
thorne is particularly impressed with 
the tremendous advances Russia has 
made since the end of World War II 
Of special interest was his comment that 
the Russians were going underground 
with a large percentage of their aircraft 
industry. 

Mr. Hawthorne’s talk stimulated a 
great deal of interest, and an hour was 
spent answering questions from the 
audience. 


Student Branches 


Alabama Polytechnic Institute 


Thomas G. Groover, Secretary 


On November 26, the Student Branch 
at Auburn was honored by a visit and a 
talk by George Baughman, Engineering 
Staff Specialist at Lockheed Aircraft 
Corporation’s Georgia Division. After 
being introduced by Branch Chairman 
William Morgan, Mr. Baughman gave a 
most informative talk on the design and 


evolution of single-strut landing gear 
Fifty student members were present. 
Plans are being made to entertain the 
Annual Southeastern Conference of the 
IAS Student Branches at Auburn in the 
spring. Everyone is looking forward to 


meeting students from other branches 
and to comparing notes with them. 
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AMPHENOL proudly presents the 
new QWIK microphone connectors! 
Designed by one of America’s leading 
industrial designers in cooperation with 
the skilled engineers of AMPHENOL, 
here at last are microphone connectors 
with the beauty and the efficiency to com- 
plement every microphone, in any setting! 


In both mechanical and aesthetic con- 
siderations the new QWIKs are unique. They have 
an ingenious release device which is both extremely 

easy to operate and very efficient. Disconnection for 
either male or female connectors is made by simply 
sliding a button forward with a slight pressure of the 
thumb. For insertion, the QWIK is gently clicked in. 


AMPHENOL 


The finish of the new QWIKs is an attractive corrosion-resistant 
satin nickel—the body is a sturdy zinc alloy. They incorporate 
the famous 1-501 blue dielectric material, the same used on all 
AMPHENOL AN connectors. Contacts are gold-plated over 

a silver finished high conductivity bronze. 


QWIKs are available, either male or female, with three or 
four contacts. The possibilities of their applications are such 
that you will want to see and study them as soon as possible. 
For full information: 
write to the Sales Engineering Department, 
American Phenolic Corporation 
1830 South 54th Avenue, Chicago 5C, Illinois 
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small, compact Miniature Connectors for 
special electronic needs 


& S 


hundreds of different miniature 
and industrial Tube Sockets 


: Cable quality guaranteed by strict 
versatile Plugs— controls, rigid inspection 
unique designs, 


sturdy construction 


new improved AN Connectors now 
feature gold plated contacts 


fastest connect and disconnect 
with Blue Ribbon Connectors 


Rack and Panel connectors 
for many special applications 


waterproof field serviceable Audio Connectors 
approved for Signal Corps 


developed first for Signal . 
Corps, waterproof Power ' 
Plugs 

better design, better construction 
on all RF Connectors 


a complete Cataloging service to the 
electronics industry 


tion, Chicago 50, Illinois 
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Cal-Aero Technical Institute 


James K. Carmody 
Secretary-Treasurer 


The Cal-Aero Student Branch held a 
dinner meeting in October at the 
American Legion Banquet Room in 
Glendale. 

The activities started with a social 
hour from 7:06 to 8:00 p.m. After 
dinner, which was served at 8:00 p.m. 
sharp, came our piéce-de-résistance, an 
address by Major Charles E. (Chuck) 
Yeager, USAF. Major Yeager had just 
returned from Japan where he had made 
flight tests on the MIG-15. The Major 
was unable to tell about his experiences 
with the MIG-15, but he did give us all 
the details leading to his first flight 
through the ‘‘sonic barrier.”’ 

We had a “mixed crowd” dinner, and 
Major Yeager, therefore, brought his 
lovely wife. Mrs. Yeager is quite an ar- 
dent fan of her famous husband and told 
us that she seldom has the opportunity 
to listen to him speak in as much as most 
dinners of this type are too technical for 
ladies. 
> The month of November was cli- 
maxed by a visit to the Cal-Aero Student 
Branch by Cliff Land, Assistant Person- 
nel Manager of AiResearch Manufactur- 
ing Corporation. Mr. Lang gave a re- 
markable address on the proper ap- 
proach in applying for a professional job. 
His speech was so thorough in all as- 
pects that hardly a question was asked 
at the conclusion of his talk. 


Catholic University of America 
Robert E. Kastner, Secretary 


On December 9, the IAS Student 
Branch at Catholic University of 
America held its first meeting of the 
present academic vear. After calling 
the meeting to order, Chairman William 
Elsen welcomed the old members as well 
as the new faces present. He then out- 
lined the program for the remainder of 
the year, stating that, because of the 
great number of speakers obtained by 
our Faculty Advisor, William Miller, 
there was a possibility of having more 
than one meeting a month. 

The speaker of the meeting was 
Abraham Hyatt from the Research 
Division of the Navy's Bureau of Aero 
nautics. He spoke on ‘Interesting 
Phases of Airplane Design.’’ He first 
outlined the functions of BuAer and 
then went on to discuss the various 
things that must be taken into con 
sideration when designing an airplane. 
Mr. Hyatt emphasized the complexity of 
modern aircraft and the effect that the 
components of an airplane have on its 
ultimate design. 


IAS NEWS 


Major Charles E. (Chuck) Yeager, USAF (center) was the speaker at the October dinner 
meeting of the Cal-Aero Technical Institute Student Branch. Shown with Major Yeager are 
James K. Carmody, Secretary-Treasurer (left), and James N. Bishop, Chairman. 


Parks College of Aeronautical 
Technology 


Myron Tygar, Secretary 


Treasurer Beasley reported at the 
December 3 meeting that, as of this 
date, the Student Branch has 52 mem- 
bers, seven of whom joined since the 
last meeting. Forty persons attended 
the December 3 meeting. 

Chairman Frederic Weisman re- 
minded the members that the Second 
Annual Student Paper Competition, 
sponsored by the IAS Texas Section, will 
be held on April 21-24, 1954. He ex- 
pressed the hope that this branch would 
repeat its success of last vear. 

The speaker was Dr. Robertson, Pro- 
fessor, St. Louis University’s Institute 
of Technology. In her paper on ‘‘Elec- 
trical Properties of the Upper Atmos- 
phere,’’ Dr. Robertson explained many 
of the common electrical phenomena 
that cause disturbances in electrical and 
electronic equipment. At the conclu- 
sion of her talk, an informal question- 
and-answer period was held. 


United States Naval Academy 


Midshipman Robert M. Hemings, Jr. 
Secretary 


One hundred students gathered on 
November 30 to hear Robert G. Barn- 


hart, Military Liaison Department, 
Piasecki Helicopter Corporation, speak 
on the “Commercial and Military Use 
of the Helicopter.’ Chairman Don 
Walsh, Midshipman 1/c, presided. 

Mr. Barnhart gave an interesting 
speech on the various tests that are run 
and the requirements that must be met 
before an aircraft could be accepted by 
the military. The speaker gave a de- 
scription of the ‘‘destruction tests’’ con- 
ducted by his company in determining 
the characteristics of various types of 
helicopters. Two films were shown in 
conjunction with the talk, one on the 
history of the helicopter and the other 
on its military uses. 


University of Illinois 
David G. Herbener, Secretary 


On December 9, a meeting was held 
jointly with the recently formed Rocket 
Society. Vice-Chairman Dwight A. 
Moberg presided; 47 students were 
present. 

After a brief business session, Dr. K. 
Z. V. Krzywoblocki, the speaker of the 
evening, was introduced. Dr. Krzywo- 
blocki, professor of Aeronautical Engi- 
neering at Illinois, spoke on the topic 
“The Elements of the Theory of Flight 
of a Missile.”’ In his talk, he touched 
upon the history of the development of 
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missile flight, the correlation of ballistics 
and aerodynamics, and some of the 
problems encountered in high-speed 
flight. 


University of Tulsa 
William A. Keeler 


Secretary-Treasurer 


The meeting of December 17 was 
called to order at 7:30 p.m. by Chair- 
man Jack Owens. The total attendance 
was 20. 

After the business portion of the meet- 
ing was concluded, a fine talk on the 
Fiftieth Anniversary of Powered Flight 
was delivered by Bob Wolfe. Mr. Wolfe 
spoke on the Wright Brothers first flight 
and the advances made in aviation since 
December 17, 1903. 


Three films were shown following Mr. 
Wolfe's talk. These were two U.S. Navy 
films, The Training of a Naval Cadet and 
The Cavalcade of Aviation, and one from 
General Electric Company, The Jet 
Story. 


The meeting was adjourned at 9:45 
p.m. 


AERONAUTICAL ENGINEERING 


REVIEW 


West Virginia University 


Benjamin D. Grove 
Corresponding Secretary 


The November 18 meeting was begun 
with a short business session, after 
which all attending visitors and mem 
bers were introduced. The program 
consisted of a presentation of informa- 
tion on summer employment by those 
student members who had had such ex- 
periences this past summer. Emmette 
Wilson spoke on conditions at Aeronca 
Manufacturing Corporation, and Mal- 
com Ullock told of working for United 
Aircraft Corporation’s Chance Vought 
Aircraft Division. 
> The meeting of December 9 was called 
to order by Chairman Malcom Ullock. 
During a discussion of ways in which to 
increase membership, Prof. L. Z. Seltzer 
proposed that a letter be prepared and 
distributed at registration to all students 
taking aeronautical courses. 

The program for the evening was pre 
sented by Charles Bartlett who gave a 
review of his employment during the last 
two summers at The Glenn L. Martin 
Company. Two films, History of the 
Helicopter and Thunderstorms, concluded 
the evening’s program. 


Members Elected 


The following applicants for membership or applicants for change of previous grades 
have been admitted since the publication of the list in the last issue of the REVIEW. 


Elected to Associate Fellow Grade 


Hagger, George F., B. of Ac.E., Dir. 
of Engrg., Aero Supply Mfg. Co., Inc. 


Transferred to Associate Fellow Grade 
Bouton, Innes, B.S.E. (Aero.), Member, 
Subcommittee on Aircraft Loads, NACA 
(Washington, D.C.); Airplane Chief 
Loads Engr., McDonnell Aircraft Corp. 

Brahtz, John F. P., Ph.D., Assoc. Prof.- 
Engrg., Univ. of California. 

Chapman, Dear R., Ph.D., Aero. Re- 
search Scientist, NACA (Moffett Field). 

Goldman, George M., B.Sc. in Ae.E., 
Chief, Design Criteria Section, Struct. 
Br., WADC. 

Monroe, Gerald M., Ph.D. Aero., Lt. 
Comdr., USN; Design Proj. Engr., Devel. 
Group, Chance Vought Aircraft, Inc. 
(Dallas). 


Elected to MEMBER Grade 


Arenson, Donald L., M.S., Tech. Dir., 
Aerophysics Section, Cook Research Labs. 
Div., Cook Electric Co. 

Brunner, Mathias J., M.S.M.E., Design 
Engr., Westinghouse Electric Corp. 

Carmody, Edmund O., A.B., Contracts 
& Sales Mgr., Stanley Aviation Corp. 

Coleal, William A., B.S.A.E., Research 


Engr., Lockheed Aircraft Corp. (Bur- 
bank). 


Dennis, Ward B., M.S., Asst. Chief, 
Weapon Systems Analysis Dept., North- 
rop Aircraft, Inc. 


Foster, William W., Jr., M.Sc., Lt. Col., 
USAF, assigned to Convair (Ft. Worth). 


Garrard, Wilfred C. J., Ph.D. (Aero.), 
Aerodynamics Engr., Chance Vought Air- 
craft, Inc. (Dallas) 


Grina, Kenneth I., B.Aero.E., Asst. 
Chief of Struct., Piasecki Helicopter Corp. 

Gwathmey, Edward S., Ph.D. in Phys 
ics, Member, Bd. of Directors, Feed Prod 
ucts, Inc.; Dir. of Research, Specialties, 
Inc. 


Holdhusen, James S., Ph.D., Secy. & 
Chief Research Engr., 
Corp. 


FluiDyne Engrg 


Holmquist, Carl O., Ph.D. in Aero., 
Lt. Comdr. & Proj. Engr. & Proj. Pilot, 
USN, NATC (Patuxent River 

Jeffrey, Joseph D., BS.Ac.E., Lt. 
Comdr. & Student, Naval War College, 
USN (Newport, R.I 

Jones, Ben F., B.S.M.E., Tech. Supt., 
B. F. Goodrich Co 

Keltto, Homer S., B.S. in Ae.E., Engrg 
Designer, Marquardt Aircraft Co 

Kirchner, Otto E., Jr., M.B.A., Sys 


tems Analysis, Boeing Airplane Co 
(Seattle). 
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Kliever, Waldo H., Ph.D., V.-P., Dir., 
Instrument Devel., Clevite-Brush Devel 
Co. 

Lankford, John L., B.S. in M.E., Re 
search Engr., Central Research Lab., 
Melpar, Inc. 

Loewen, Walter R., B.S., Staff Engr., 
Temco Aircraft Corp. 

Marlow, Wayland C., M.S., Prelim 
Design Engr., Fairchild Aircraft Div., 
Fairchild Engine & Airplane Corp 
(Hagerstown). 

Matthews, Arthur F., Asst. Proj. Engr., 
McDonnell Aircraft Corp. 

Newman, Joseph W., A.A., Air Fore: 
Quality Control Rep., Western Air Pro 
curement District, USAF assigned to 
Marquardt Aircraft Co. 

Palsulich, Joseph, M.E., Asst. Chief 
Engr., Aircraft & Allied Products, Cleve 
land Graphite Bronze Co. 

Petersen, Forrest S.. M.S.E., Lt. & 
Maint. Officer, High Performance Jet 
Fighter Sq., U.S. Naval Pacific Fleet, 
USN. 

Peterson, Harold W., Jr., Engrg. Test 
Pilot, Piasecki Helicopter Corp. 

Prust, Michael C. B., Engr. ‘‘B,”’ Fune 
tional Procedure Group, Canadair, Ltd 

Rapp, George C., B.S.M.E., Propulsion 
System Planning Engr., General Electric 
Co. 

Saylor, James M., B.S.A.E., Acrody 
namics Engr., Lockheed Aircraft Corp 
(Marietta). 

Shakespeare, William B. J., Engr. “A,” 
Canadair, Ltd. 

Smith, Charles B., M.S., Lt. & Naval 
Aviator, USN. 

Sutton, Matthew A., M.Sc. in Ac.E., 
Instructor & Research Assoc., Dept. of 
Aero. Engrg., The Ohio State Univ. 

Van Norman, Allen, B.A., Design Engr., 
Convair (San Diego). 

Vierling, Bernard J., B.S.M.E., Presi- 
dent, Aircraft Supply Corp. 

Westbrook, Henry W., B.A.E., De 
signer ‘““B,’’ Boeing Airplane Co. (Seattle 

Wittrick, William H., Ph.D., Sr. Lec 
turer in Aeronautics, Univ. of Sydney 
(Australia ). 

Zloe, Edward D., M.B.A., Engr. in 
Charge, Dept. 5851, Eclipse-Pioneer Div., 
Bendix Aviation Corp. 


Transferred to MEMBER Grade 


Busch, Gerald A., Masters Degree in 
Economics, Devel. Engr., Devel. Plan 
ning Dept., Lockheed Aircraft Corp. 

Caldwell, Allan L., M.Sc. in Ae.E., Acro 
dynamicist, Douglas Aircraft Co., Inc. (F1 
Segundo) 

Connor, Thomas C., B.S. in M.E. & 
B.S. in Ae.E., Proj. Engr., Aircraft Engin 
Div., Packard Motor Car Co. 

Conrad, Harold L., B.S.Ae.E., Inspec 
tion Flight Test Engr., North American 
Aviation, Inc. 


Dalley, Joseph W., M.S. Engrg. Me 


chanics, Asst. Prof. & Research Engr., 


Univ. of Texas. 
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MILITARY LOAD 
ANYWHERE 
_BOXCAR 
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‘Only airplane designed and built from stem to stern to handle 
big bulk military loads is the C-119 “Flying Boxcar”. Fully 
equipped troops, guns, ammunition, road-building machinery, 
helicopters . . . these and countless other types of bulk military 
loads are shipped to every part of the world at an impressively 
low cost per ton mile delivered in the Fairchild C-119. 

Designed especially to load, fly and unload big bulky cargoes, 
the “Flying Boxcar” is flying everywhere in the service of Ameri- 


ca’s Armed Forces and those of the United Nations. 


FAIRCHILD 
Division 


HAGERSTOWN MARYLAND In production soon, the C-123 For the coming American jet age, 
advance base military carrier. the M-186 Jet Transport. 


Engine Division Farmingdale, N. Y. © Cuided Missiles Division Wyandanch, N. Y. e Speed Control Division Wickliffe Ohio 


Stratos Division 
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Grubin, Carl, Ph.D. in Applied Mechan- 
ics, Assoc. Engr., Douglas Aircraft Co., 
Inc. (Santa Monica). 

Houston, Robert R., Staff Engr., Special 
Projects, Pan American World Airways. 

Joslyn, Warren A., A.E., Stress Analyst 
‘**A,”’ Boeing Airplane Co. (Seattle). 

Kavanau, Lawrence L., M.S.E.Ac.E., 
Research Engr., Univ. of California 
(Berkeley ). 


Elected to Associate Member Grade 


Boom, William E., B.A., European 
Rep., Simmonds Aerocessories, Inc. 

Floberg, John F., LL.B., Partner-Law 
Firm of Kirkland, Fleming, Green, Martin 
& Ellis. 
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Marsh, William A. G., Mech. Engr., 
Canadair, Ltd. 

Walker, Thomas W., Mgr., Aircraft 
Controls Dept., The Thermix Corp. 


Elected to Technical Member Grade 


Anastasio, Robert F., B.S., Aero. Re- 
search Scientist, NACA, Ames Aero. Lab. 

Bell, Charles W., Engrg. Draftsman, 
North American Aviation, Inc. (Colum- 
bus). 

Gerig, Roland, B.A.Sc.Ac.E., Asst. 
Engr., Field Aviation Co., Ltd 


Gotthardt, Charles J., Jr. Electronic 
Engr., Devel. Labs., Pacific Div., Bendix 
Aviation Corp. 

Gray, J. Don, B. of A.E., Engr. II, 
ARO, Inc. 


AIRCRAFT CO. ine. 


FARMINGDALE, NEW YORK 


MARCH, 1954 


Levinsky, Ely S., B.S., Aerodynamacist 
“B,” Boeing Airplane Co. (Seattle). 

Lewis, Frank B., B.S.Ae.E., Sr. 1 
signer, Chance Vought Aircraft, In 
(Dallas). 

Manske, Robert A., B.S.E.E., Engr., 
Air Arm Div., Westinghouse Electric 
Corp. 

Meyer, Richard A., B.Sc. in Ae.E., Sr 
Engr.—Aerodynamacist, Cook Research 
Labs 

Reichert, James B., B.S.M.E., Design 
Engr., Doak Aircraft Co., Inc. 

Sands, Norman, B.S. in A.E., Aerody 
namics Engr. “A,’’ Chance Vought Air 
craft, Inc. (Dallas). 

Schulthess, Heiner P., Dipl. Eth., Per 
form. & Operation Engr., Swissair. 

Targos, John A., Assoc. Engr., Aero 
dynamics Dept., Douglas Aircraft Co., 
Inc. (Long Beach). 

Thiessen, Dewey A., B.S. in M.E 
(Aero.), Struct. Engr., Chance Vought 
Aircraft, Inc. (Dallas). 

Van Tassell, Leslie W., Draftsman & 
Engrg. Asst., Trans-Sonics (Bedford, 
Mass. ) 

Viehmeyer, George F., Jr., B.S.M.E., 
Design Engr. Lockheed Aircraft 
Corp. (Georgia ). 

Wagner, William J., Assoc. Engr., De 
vel. Engrg. Dept., Westinghouse Electric 
Corp. (Baltimore). 


Transferred to Technical Member 
Grade 


Ball, Robert, B.S., Lt., USAF; Pilot, 
Graham Air Base. 

Bazell, Glenn E., Jr. Engr.—Struct., 
North American Aviation, Inc. (Colum- 
bus). 

Cook, Martin L., B. of Ae.E., Jr. Engr., 
North American Aviation, Inc. (Colum 
bus). 

Cooksey, James M., B.S. in Ae.E., 
Research Asst., Defense Research Lab., 
The University of Texas. 

Coppedge, Thomas N., Jr., B.S. in Ae.E., 
Lt. Comdr., USN; Naval Aviator-Mid 
shipman (Washington); Graduate Stu 
dent, Aero. Engrg., M.I.T. 

Crabtree, Lewis F., Ph.D. in Ae.E., St 
Scientific Officer, Aerodynamics Dept., 
British Ministry of Supply, Royal Aircraft 
Establishment (Farnborough). 

Craig, Samuel J., B.S. in Ae.E., Draft 
ing Engr., Loft Group, Lockheed Aircraft 
Corp. (Marietta). 

Derrick, Irvin H., B.S., Capt., USAF; 
Production Procurement Officer & Pilot, 
ADC, ARDC, Wright-Patterson Air Fore: 
Base. 

Dillenschneider, Paul G., B.S., Sr 
Aerodynamics Design Engr., Chances 
Vought Aircraft, Inc. 

Ewing, Donald W., BS., Lt. Col., 
USAF; Chief, Tech. Operations Office, 
Engrg. Br., Directorate of Flight & All 
Weather Test, ADC, ARDC, Wright 
Patterson Air Force Base. 

Fairchild, Jack E., B.S., Aerodynami 
cist, Helicopter Div., Bell Aircraft Corp 
(Texas). 


Fee 
Engr 
Airer 

Fe! 
searce 
fense 
Texa 

Fro 
Jr. D 
Helic 


Desi 


Stud 

H. 
2nd 
Sq., 


|_| —— 
Ga 
in A 
Uni 
Gi 
& Don 
Gi 
in M 
USA 
Prec 
Fiel 
) No 
dy1 
I 
: En 
= 
Ass 
Inc 
: En 
the Ain 
) 
: 
Er 
E1 
Pe 
W 
E1 


Feeley, Le Grand D., Jr., B.S. in Ae.E., 
Engr., Flight Research Dept., Sikorsky 
Aircraft Div., United Aircraft Corp. 

Fenter, Felix W., B.S. in Ae.E., Re 
search Engr. II, Aeromechanics Div., De- 
fense Research Lab., The University of 
Texas. 

Frost, Roger, K., B.S. (Liberal Arts), 
Jr. Design Engr.—Power Plants, American 
Helicopter Co., Inc. 

Gaul, John W., B.S., Graduate Student 
in Aero Engrg., The Pennsylvania State 
University. 

Gibbs, Gerald D. ‘‘Sam,”’ A. of Ae.E., 
Design Engr., Flight Test Dept., Me 
Donnell Aircraft Corp. 

Gilmore, Richard M., M.S., Instructor 
in Mech. Engrg., Oklahoma A & M College 

Hanzlik, Jack E., B.S.Aero., 2nd Lt. & 
Student Pilot, USAF (Stallings Air Base) 

Hardesty, Edwin L., Jr., B.S. in Ae.E., 
2nd Lt., USAF; 3305th Pilot Training 
Sq., Malden Air Base. 

Heiffel, Roger W., S.B., 2nd Lt., 
USAFR; = Jr. Engr.—Indust. & Mech., 
Precision Associates, Inc. 

Johnston, Patrick J., B.S. in Ae.E., 
Aero. Research Scientist, NACA, Langley 
Field. 

Keith, Lynn, Weight Analyst, North 
American Aviation, Inc. (Downey). 


Krell, Jordon A. 


Kutkuhn, James G., B.S. in Ae.E., Jr. 
Engr.—Aerodynamics, Cessna Aircraft Co 

Laboranti, Livio L., Assoc. Research 
Engr., Boeing Airplane Co. (Wichita). 

Layton, Donald M., B.S. in Ae.E., Lt., 
USN; Graduate Student in Aero. Engrg., 
Princeton Univ. 

Mayberry, Samuel W., Jr., B.S. in 
Ae.E., Lt. Col., USAF; Aircraft Struct 
Repair Specialist (Training with North 
American Aviation, Inc.). 

Mueller, Robert, Instructor, Casey 
Jones School of Aeronautics. 

Murphy, Roy S., Jr. Design Engr., 
North American Aviation, Inc. (Downey), 

Otis, David R., M.S. in M.E., Thermo- 
dynamics Engr., Convair (San Diego). 

Pierce, G. Alvin, B.S. in Ae.E., Mech 
Engr., The Allen D. Cardwell Mfg. Corp. 

Powell, K. Harmon. 

Rathbun, Kenneth C., M.E., Research 
Assoc., Propulsion Dept., Experiment, 
Ine. 

Reynolds, Betty J., B.S. in Ae.E., Jr. 
Engr., Aerodynamics Div., Chance Vought 
Aircraft, Inc. 

Richardson, Edwin L., B.S. in Ac.E., 
Flight Test Pilot, General Electric Co. 
Schenectady ). 

Schmitt, Robert J., B.S. in Ae.E. 

Scott, Bernard C., B.S., Exp. Test 
Engr., Allison Div., General Motors Corp 

Sebold, Robert A., B.S. in Ae.E., Jr 
Engr., Republic Aviation Corp. 

Shea, John L., B. of Ae.E., Aircraft 
Performance Engr., U.S. Civil Service, 
Wright-Patterson Air Force Base. 

Smith, John L., B.S. in Ae.E., Research 
Engr., Cessna Aircraft Co. 
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rugged 


Under all conditions, the delicate mechanisms of 
Kollsman products must function with accuracy and 
rugged dependability. 


AIRCRAFT INSTRUMENTS AND CONTROLS 
OPTICAL PARTS AND DEVICES 
MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents, are available to scientists seeking solutions to 
instrumentation and control problems. 


ko | | S m q Nn INSTROMENT CORP. 


ELMHURST, NEW YORK ¢ GLENDALE, CALIFORNIA ¢ SUBSIDIARY OF Standard COIL PRODUCTS CO. INC. 
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MILLIONS 
OF HOURS 
AHEAD! 


Equal performance at one-fourth the weight! 


NEW AiRESEARCH OIL COOLER SAVES SEVENTY POUNDS OVER EARLY TYPE 


AiResearch designed and produced 
the first lightweight heat transfer units 
for aircraft in 1939. Leadership in this 
field has been maintained by more 
than a half million hours of research 
and development, and by unparalleled 
experience — 500,000 units produced 
and almost three hundred million 
operating hours. 


The unrelenting effort to reduce 
weight and size and to improve per- 
formance continues. One result: this 
new oil cooler which weighs only 
22.5 lbs. It is seventy pounds lighter 
than original units of equal capacity. 

AiResearch manufactures oil 
coolers which range from a capacity 


of below 100 BTU’s to many thousand 


BTU’s per minute. These units — and 
all other AiResearch heat exchangers 
— excel in efficiency in relation to size 
and weight. 

If you have a heat transfer problem 
which requires high performance 
and efficiency from a small, light- 
weight unit, consult our engineering- 
manufacturing team. 


AiResearch Manuraciuring Company 


ELECTRIC 
ACTUATORS 


CABIN 
SUPERCHARGERS GAS 
TURBINES 


AIR TURBINE 
REFRIGERATION 


A DIVISION OF THE GARRETT CORPORATION 


LOS ANGELES 45, CALIFORNIA + PHOENIX, ARIZONA 
Designer and manufacturer of aircraft equipment in these major categories 


HEAT TRANSFER 
EQUIPMENT 
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PNEUMATIC 
POWER UNITS 


CONTROLS 


ELECTRONIC 
CONTROLS 


TEMPERATURE 


CABIN 
PRESSURE CONTROLS 
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eronautical Reviews 


Al Guide to the Current Literature of 


|. PERIODICALS AND REPORTS 


Aerodynamics 108 Navigation Aids 415 Missiles 1292 
Boundary Layer & Thermoaerody- Oscillators & Signal Generators 116 Navigation 499 
namics 108 Semiconductors. . 116 
108 Telemetry 116 Noise Reduction 124 
Fluid Mechanics & Aerodynamic Transmission Lines 116 Photography . 124 
108 Wave Propagation. 116 194 
Internal Flow 111 Equipment Power Plants 
Stability & Control 111 Electric : 116 Jet & Turbine. . 1296 
Wings & Airfoils 419 Hydraulic & Pneumatic 116 Reciprocating . 1926 
Fuels & Lubricants 116 Rocket ; 126 
Aeroelasticity m Lubricants & Lubrication 116 Production 196 
Aeronautics, General Gliders 116 neerin = 
U | | 
Air Transportation 112 Ice Formation & Prevention 118 . , 
Rotating Wing Aircraft 126 
Airplane Design Instruments. . . 118 Safet 198 
afety... 
Airports 112 Machine Elements 118 
Gearsa Gams 119 Space Travel... 128 
Aviation Medicine 112 119 Structures... 128 
aterials 
Computers 112 Corrosion & Protective Coatings 119 
Education & Training 112 Metals & Alloys “We Cylinders & Shells 132 
Metals & Alloys, Nonferrous 120 Elasticity & Plasticity 139 
Electronics 112 Nonmetallic Materials 120 Plates 139 
A 11 1 
z Mathematics 120 Heat Transfer 132 
Electronic Tubes 114 
Magnetic Devices , 4 Meteorology. . 120 Water-Borne Aircraft. . 132 
Measurements & Testing 115 Military Aviation 199 Wind Tunnels & Research Facilities. 132 


Books, reports, and periodicals reviewed in this issue or in pre- 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not members of the Institute may borrow books and, in spe- 
Members of the IAS may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library 


cial cases, other research material 


Photostatic copies of material in the Institute’s libraries may 
be obtained at a cost of $0.35 to members and Corporate Mem- 
bers ($0.45 to nonmembers) for each 8!/s- by 11-in. print and 


$0.40 to members and Corporate Members ($0.50 to nonmembers ) 


for each 11!/2- by 14-in. print, plus postage. A minimum charge 


of $1.00 is made to nonmembers of the IAS. Reference citations 
in the Aeronautical Reviews Section give the total number of 
pages for report and booklet materials; only the beginning page 
is given for periodical articles. 


Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Translations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. IAS members receive a 20 per 


cent discount on bibliographies and translations 


Full information about library membership and facilities will be sent song -. ha to The Paul Kollsman 


Lending L ibrary, 2 East 64th St., 


New York 2 
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Aerodynamics 


Determination of the Flying Qualities of 
the Douglas DC-3 Airplane. Arthur 
Assadourian and John A. Harper. U.S., 
NACA TN 3088, Dec., 1958. 67 pp. 


Boundary Layer & Fhermoaerodynamics 


Effect of Type of Porous Surface and 
Suction Velocity Distribution on the 
Characteristics of a 10.5-Percent-Thick 
Airfoil with Area Suction. Robert E. 
Dannenberg and James A. Weiberg. 
U.S., NACA TN 3093, Dec., 1953. 59 
pp. 

Flight Observations of Suction-Stabi- 
lized Boundary Layers. B.H. Carmichael. 
Aero. Eng. Rev., Feb., 1954, p. 36. The- 
oretical and experimental investigations 


Aircraft hydraulic pump motor, Maxi- 
mum output with minimum weight. 


ENGINEERING 


into the case of a lifting airfoil in free 
flight, showing the actual variations in 
boundary-layer characteristic in a chord- 
wise direction under a varying distribution 
of suction; survey of problems. 

A Flight Investigation of Laminar and 
Turbulent Boundary Layers Passing 
Through Shock Waves at Full-Scale 
Reynolds Numbers. Eziaslav N. Harrin 
U.S., NACA TN 3056, Dec., 1953. 20 
pp. 

‘“‘Hot’’ Speeds Are a Problem But Not a 
Barrier! E. H. LaBombard. Western 
Av., Dec., 1953, p. 10 Effects of aerody 
namic heating on materials and structures, 
in terms of design and other requirements 

A One-Parameter Method for the Cal- 
culation of the Temperature Profile of 
Laminar Incompressible Boundary Layer 


Lightweight universal motor with 
efficient spur gear speed reducer. 


FOR Product Design GOALS 


THAT ENGINEERS SAY 
ARE MOST IMPORTANT... 


e In a recent survey, 
conducted by one of the 
leading trade journals 
serving the metal 
working field, design 
engineers gave the fol- 
lowing as major objec- 
tives they were seeking 


through redesign of their products: 
Reduced Costs 
© Improved Appearance 


@® Decreased Maintenance 
Reduced Weight 


© Greater Compactness 
These goals are identical with the advantages being secured 
with specially engineered Lamb Electric Motors. 
Our 39 years of experience, covering practically all types of motor- 
driven products, is available to help you obtain these results. 


THE LAMB ELECTRIC COMPANY °¢ KENT, OHIO 


In Canada: Lamb Electric — Division of Sangamo Company Ltd. — Leaside, Ontario 


THEY'RE POWERING AMERICA'S FINEST PRODUCTS 


FRACTIONAL HORSEPOWER MOTORS 


REVIEW—MARCH, 


field, Rep. 75, Sept., 1958. 


1954 


Flow with a Pressure Gradient. J. A 
Zaat. Netherlands, NLL Rep. F.127, Mai 
13, 1953. 38 pp. 

Temperature Distribution and Thermal 
Stresses in a Model of a Supersonic Wing. 
Frederick V. Pohle and Henry Oliver 
J. Aero. Sci., Jan., 1954, p.8. Theoretical 
and experimental investigation of prob 
lems concerned with the effects of high 
boundary-layer temperatures on the be 
havior of the wing structures. 

Transient Temperature Distributions in 
Simple Conducting Bodies Steadily 
Heated Through a Laminar Boundary 
Layer. Hermon M. Parker. 
NACA TN 3058, Dec., 1953. 42 pp. 


Control Surfaces 


Note on the Development of a Trailing- 
Edge Flap as a Stall-Detector. C. F 
Bethwaite. College of Aeronautics, Cran 
15 pp. 

Slots and Flaps. John Barlee. Sai/ 
plane & Glider, Nov.-Dec., 1953, p. 11 
Examination of natural aerodynamic con 
trols found in birds’ wings. 


Fluid Mechanics & Aerodynamic Theory 


Circulation and Distortion of Liquid 
Drops Falling Through a Viscous Medium. 
P. Savic. Canada, NRC Rep. MT-22, 
July 31,1953. 59 pp. 24refs. 

Diffusion From a Source in a Skew 
Velocity Field. H. A. Lauwerier. App! 
Sct. Res., Sect. A, No. 2, 1953, p. 158. 

Flow Properties of Strong Shock Waves 
in Xenon Gas as Determined for Thermal 
Equilibrium Conditions. Alexander P 
Sabol. U.S., NACA TN 3091, Dec., 
1953. 29°pp 

Fluid Dynamics. Murray Weintraub 
Ind. & Eng. Chem., Jan., 1954, p. 112 
206 refs. Review of the literature. 

The Forced Flow of a Rotating Viscous 
Liquid Which is Heated from Below. 1 
V. Davies. Philos. Trans. Royal Soc 
(London), Ser. A, June 18, 1953, p. 81. 


The Generation of Wind Waves on a 
Water Surface. Carl Eckart. J. Appl 
Phys., Dec., 1953, p. 1485. 14 refs 
Development of a theory of forced, non 
sinusoidal, but infinitesimal and irrota 
tional surface waves. 


The Hydrodynamics of Non-Newtonian 
Fluids. III-—The Normal Stress Effect in 
High-Polymer Solutions. H. W. Green 
smith and R. S. Rivlin. Philos. Trans 
Royal Soc. (London), Ser. A, Jan. 28, 
1953, p. 399. 19 refs. 

Hyperbolische Probleme der Gasdy- 
namik mit mehr als zwei unabhangi- 
gen Veradnderlichen. R.Sauer. ZAMM, 
Oct.—Nov., 1953, p. 331. 11 refs In 
German. Review of analytic methods for 
the solution of problems of compressible, 
nonsteady two-dimensional flow and 
steady and nonsteady three-dimensional 
flow. 

Investigation at Supersonic Speeds of 
the Wave Drag of Seven Boattail Bodies of 
Revolution Designed for Minimum Wave 
Drag. August F. Bromm, Jr., and Julia 
M. Goodwin U.S., NACA TN 3054, 
Dec., 1958. 14 pp. 

The Linearized Characteristics Method 
and Its Application to Practical Nonlinear 
Supersonic Problems. Antonio Ferri 
(U.S., NACA TN 2515, 1951.) JU.S., 
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New Data Reveals Effect of 
Heat Aging on Properties of 
High Temperature Laminates 


Comparative studies of the effect of heat 
aging on light weight structural materials 
indicate that the better resin bonded glass 
laminates compare very favorably with 
light metals at high temperatures. These 
studies made recently by our engineers and 
summarized below in Table I show that the 
laminates have greater tensile strength than 
the metals at 500 F after aging for as little 
as half an hour at that temperature. 


the 
is also superior to that of the 
metals under the same conditions. Mea- 
sured at 500 F after 200 hours at that 
temperature, the tensile strength to weight 
ratio times 10-2 for the silicone-glass lam- 
inates is in the range of 4 to 5 times 
comparable values for the light metals. 


Tensile strength to weight ratio for 
laminates 


The organic resin bonded glass laminates 
show excellent short term retention of 
mechanical strength at 500 F. Strength 
falls off quite rapidly, however, with in- 
creasing time. The mechanical properties | 
of the silicone-glass laminates at 500 F 
decrease during the first half hour and then 
improve or remain unchanged with increas- 
ing time. Weight loss, water absorption and 
dielectric properties of the silicone-glass 
laminates are markedly superior. 


Included in this study were glass laminates 


Designers Use Class H Insulation to Sell 
More Electric Machines in Buyer's Market 


Instead of viewing with alarm our entry 
into a more normal competitive economy, 
Automatic Transportation Company has 
prepared for it. They have developed a 
new product with many strong selling fea- 


bonded with several new, heat resistant | tures, including more continuous operation 
low pressure phenolic, polyester and | with minimum maintenance cost. 
(continued pr. 2) 
TABLE | 
EFFECT OF HEAT AGING ON HIGH TEMPERATURE LAMINATES AND LIGHT — 
High Pressure | Low Pressure | Low Pressure | Low Seong ] 
Property Silicone Silicone | ‘olyester Phenolic | Al | 
+ + as 
Flexural Strength, psi | 
As received 45-47,000 27-32,000 45-55,000 44-66,000 
At 500 F after 
hr ot 500 F 5,000 12-15,000 35,000 41-50,000 
200 hr at 500 F 19,000 12-15,000 11-25,000 9,000 | 
Tensile Strength, psi | 
As received | 26-32,000 35,000 33-36,000 22-27,000 50-65,000 39-42,000 
At 500 F after 
Vy hr af 50! 8-10,000 22-25,000 30-33,000 24-29,000 7-13,000 8,000 
200 hr ot 500 F 18-20,000 | 20-22,000 9,200 | 11-15,000 | 5-9,500 6,000 
Density, 1.65-1.80 1.70-1.85 1.65-1.85 |  1.50-1.80 | 2.7 | _1.76-1.80 
Tensile Strength to Weight 
ratio x 10° 
Vy hr of 500 F 5.3 13.6 18.0 16.1 3.7 3.5 
200 hr ot 500 F | 11.0 12.2 5.3 7.9 2.7 3.3 
Weight Loss, percent 
200 hr ot 500 F 0.35-1.31 0.1-0.2 9.00 11.2 
Water Absorption, percen 
(After aging 200 hr at 500 F) 0.21 1.0-1.3 2.00 9.00 | 
Dielectric Strength, v/m, 
Ve" 
jolded 80-100 30 90 200 
Aged 200 hr at 500 F 80-100 80-100 70 6 | 
Power Factor, percent | | 
As received, at 105 cps 0.14 | 0.22 1.2 2.7 | 
Dielectric Constant | } 
As received, at 10° eps 3.90 | 4.13 | 4.00 4.31 | 
Arc Resistance, sec. | | | 
|__As received | 300 | 350 | 185 | 165 | it 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 


“Dynamotive”, Automatic’s newest entry in 
the materials handling equipment market, 
has so many new features that it bears 
little resemblance to the lift truck of 5 or 
10 years ago. The first gas-powered, elec- 
trically driven fork lift truck, it has an 
electrical system that assures long service 
life by making it impossible to reverse the 
direction of the truck while it is in motion. 


Engine wear and fuel consumption are 


minimized by an electrical 
with its 


transmission 
inherent overdrive feature that 


(continued pg. 2) 
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NEW DEVELOPMENT | 
AND TECHNICAL DATA | 


For copies of any of the publications | 
reviewed in this column or for data relat- 
ing to any of the articles printed in this 
issue of the Dow Corning Silicone News, 
simply circle the corresponding reference 
number on the coupon below. 


Silicones have captured the interest of imagina- 
tive designers. And it’s not all idle thinking | 
because the properties of these unique materials 
enable engineers to effect their ideas in new 
products and applications. A reprint of a recent | 
BUSINESS WEEK article reviews some of the 
existing uses for silicones and forecasts many 
new silicone products for the industrial and | 
e No. 44 | 


consumer markets. 


The use of bare magnet wire insulated with 
Dow Corning Wire Enamel makes possible 
longer life, increased reliability and reduction in | 
size and weight of electronic devices, fractional 
and miniature motors. Accelerated tests at 
temperatures in the range of 200 to 275 C | 
indicate its long term serviceability at temper- 

atures up to 190 C (374 F.) A list of electrical | 
wire manufacturers, who make such wire avail- 

able in various sizes, is yours for the asking. 


e No. 45 | 


New source of supply list names more than 60 
formulators supplying durable protective coat- | 
ings made with silicone vehicles. Available coat- 
ings include white and colored silicone appliance 
enamels that withstand temperatures up to 700 F; | 
aluminum pigmented finishes which minimize 
maintenance of exhaust stacks exposed to corro- | 
sive atmospheres and temperatures up to 1000 F; 
and modified silicone-organic paints that offer 
increased stability, greater resistance to temper- | 
ature extremes, weathering, oils and greases. 


e No. 46 | 


The 1954 Reference Guide to Dow Corning Sili- 
cone Products summarizes properties and briefly | 
describes applications for commercially available 
silicones including several new products. Con- 
taining a wealth of useful information about | 
silicone products, the Guide belongs in every 
designing and engineering reference file. 


e No. 47 | 


Reprint of a recent article “Silicones In Packag- 
ing” describes how various silicones are used to | 
advantage in handling, processing and pack- 
aging drugs and pharmaceuticals, baked goods, 
foods and beverages. No. 48 
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Silicone News 


New Silicone Coating Prevents Adhesion and 
Build-up on Rolls, Slashers and Drying Cans 


A recently developed silicone product called 
Dow Corning XF-121, is proving to be a 
highly effective and economical coating for 
rolls, slashers, and drying cans used in the 
textile industry. 

Properly applied, Dow Corning XF-121 
forms a tough, resilient film which reduces 
the adhesion and minimizes build-up of such 
warp or sizing materials as starch, gelatin. 
synthetic rubber styrenated 
resins. On high production units, only 
thin coatings are required to reduce scrap 
due to build-up, and to substantially reduce 
down time and 


latices and 


maintenance costs. 

Dow Corning XF-121 can be applied with- 
out dismantling equipment. Cost is only 
about 1% of the cost of the only other 
coating now available that gives compar- 


DESIGNERS USE CLASS H (continued ) 
automatically adjusts engine speed to load 
requirements. The engine and motor 
always run at the most efficient speed. 


And to obtain still longer, more dependable 
service life, the generator and motor of the 
“Dynamotive™, like all Automatic motors 
built since 1946, are protected with Class H 
insulation made with Dow Corning sili- 
cones. Automatic Transportation engineers 
report that: “silicone insulation is used be- 
cause it contributes to longer life and can 
take more abuse than other insulating ma- 
terials. Since we adopted it over 7 years 


ago we have never, to our knowledge, 


lost a motor due to insulation failure.” 


That's the kind of performance that has 
sold more and more electrical equipment 
manufacturers and their customers on the 
value of (Class H)_ insulation. 
They know from experience that Class H 
can be used to increase the power per 
pound ratio in electric machines by at 
least 50% without loss of efficiency. And, 
even more important in a buyer's market, 
they know that Class H outlasts ordinary 
insulation 10 to 1. No. 42 


silicone 


able performance. In most applications, 
less than 4 pounds of Dow Corning XF-121 
will cover 100 square feet of roll area. 
Reports indicate that even such thin coat- 
ings provide several weeks or months of 
service, depending on operating conditions. 
Production increases up to 50% have also 
been reported. 


Supplied as a solvent solution with a 25% 
silicone content. Dow Corning XF-121 can 
be applied as received, or it can be thinned 
with additional solvent and applied by 
brush or spray. Properly catalyzed, it will 
air dry and cure overnight or it may be 
cured by heating for 1/2 to | hour at 
200 F. The film is easily removed with 
a wide spatula or putty knife. 

No. 41 
EFFECT OF HEAT AGING (continued 
silicone resins. The high pressure, silicone- 
glass laminate specified under NEMA 
Grade G-7 (LPI-1951) and MIL-P-997B 
was selected as a standard of comparison. 


Style 181 glass cloth. heat treated for the 
silicone resins and Garan finished for the 
organics, was used for all laminates. Test 
samples were cut from 1/8” sheets which 
had been cured according to the 
manufacturers’ recommendations. 


resin 


High pressure silicone-glass laminates were 
press cured at 350 F followed by a gradu- 
ated cure in an oven at temperatures 
ranging from 194 to 392 F for a total of 


24 hours. The low pressure silicone-glass 
laminates were aftercured for 150 hours 
at 482 F. 


The tests included in this study were con- 
ducted according to Fed. Spec. L-P-406b. 
Flexural and tensile strengths were meas 
ured at test temperatures. Water absorption, 
dielectric strength and weight loss were 
measured at room temperature after aging 
for 200 hours at 500 F. Arc resistance, 
power factor and dielectric constant were 
measured at room temperature after curing. 

No. 43 


DOW CORNING 


CORPORATION 


Atlanta 


First in Silicones Chicago Silicone Fluids 
Cleveland Silicone Abhesives 
Dallas Silicone Adhesives 
Detroit Silicone Release Agents 


MIDLAND, MICHIGAN 


Los Angeles 
New York 
Washington, D. C. 


(SILVER SPRING, MD.) 


In Canada: Fiberglas Canada Ltd., Toronto 
In England: Midland Silicones Ltd., me 


Manufacturers of 


Silicone Compounds 
Silicone Greases 
Silicone Water Repellents 
Silicone Bonding Resins 

Silicone Electrical 

Insulating Resins 
Silicone Molding Compounds 
Silicone Expansible Resins 
Silicone Defoomers 
Silastic 
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NACA Rep. 1102, 
of Doc., Wash. $0.20. 
Mass Transport in Water Waves. M. 


1952. 18 pp. Supt. 


S. Longuet-Higgins. Philos. Trans. Royal 
Soc. (London), Ser. A, Mar. 31, 1953, p. 
535. 20 refs. Analysis of the interior of 
the fluid, the boundary layers, and of the 
waves in water of uniform depth. 

On the Stability of Some Flows of an 
Ideal Fluid with Free Surfaces. J. L. 
Fox and G. W. Morgan. Quart. Appl. 
Math., Jan., 1954, p. 489. 11 refs. Ex- 
tension of the work of Ablow and Hayes. 

Progress Report on Research Supported 
by Grants from the Defence Research 
Board of Canada. I—Absorption and 
Amplification of Shock Waves. I. I. 


Glass. Il—Hypersonic Studies. G. N. 
Patterson. I[I—Interferometric Investi- 
gations of Shock Wave Diffraction. G.N. 
Patterson. U. Toronto Inst. Aerophys. 


Prog. Rep., 19538-1954, pp. 4, 11, 26. In- 
cludes tables, charts, diagrams, and draw- 
ings. 

The Rate of Growth of Vapor Bubbles in 
Superheated Water. Paul Dergarabe- 
dian. J. Appl. Mech., Dec., 1953, p. 537. 
10 refs. ONR-supported research on the 
cavitation problem. 

Similarity Laws for Supersonic Flows. 
D. C. Pack and S. I. Pai. Quart. Appl. 
Math., Jan., 1954, p. 377. 10 refs. Re- 
search studies at the Institute for Fluid 
Dynamics & Applied Math., University 
of Maryland 

Spherically Symmetric Solutions of the 
Equations of Gas Dynamics. G. C. Mc- 
Vittie. Proc. Royal Soc. (London), Ser. A, 
Dec. 8, 1953, p. 339. 

Steady Two-Dimensional Cavity Flows 
About Slender Bodies. M. P. Tulin. 
U.S., Navy Dept., David W. Taylor Model 
Basin, Rep. 834, May, 1953. 25 pp. 11 
refs. 

Temperature Distribution in Laminar 
Stagnation-Point Flow with Axisymmetry. 
Chia-Shun Yih. J. Aero. Sci., Jan., 1954, 
p.37. Solutions of forced convection prob- 
lems, based on the velocity distribution 
as obtained by Homann. 

A Transformation of the Hodograph 
Equation and the Determination of Certain 
Fluid Motions. T. M. Cherry. Philos. 
Trans. Royal Soc. (London), Ser. A, Apr. 
22, 1953, p. 583. 

Two-Dimensional Potential Flows with 
a Free Boundary. Fritz John. Commun. 
on Pure & Appl. Math., Nov., 1958, p. 
497. A method for obtaining two-di- 
mensional flows of an incompressible, ir- 
rotational liquid with a free surface. 

Unsteady Waves on a Running Stream. 
J. J. Stoker. Commun. on Pure & Appl. 
Math., Nov., 1953, p. 471. Investigation 
in terms of the classical hydrodynamic 
theory of irrotational flow in an incompres- 
sible perfect fluid. 


Internal Flow 


Design and Performance of an Adjust- 
able Two- Dimensional Nozzle with Bound- 
ary-Layer Correction. G. H. Backer. 
J. Aero. Sci., Jan., 1954, p. 50. 11 refs. 
Experimental evaluation of a supersonic 
area-ratio nozzle, its expansion and other 
characteristics, and flow conditions. 

L’Ecoulement dans les Orifices d’In- 
jection; Application aux Moteurs-Fusées 
(Flow Through Nozzle Orifices; Applica- 
tion to Rocket Motors). R. Kling and R. 


AERONAUTICAL 


Leboeuf. La Recherche Aéronautijue, 
Sept.Oct., 19538, p. 35. In French. 
(Also, abridged in English, in Engr. Dig., 
Dec., 1953, p. 460.) Analysis of charac- 
teristics of flow through orifices as part of 
an investigation into moisture formation 
in combustion chambers. 

Die Energieversorgung der Wandtur- 
bulenz. H. Reichardt. ZAMM, Oct.- 
Nov., 1953, p. 386. In German. Analy- 
sis of plane channel flow in terms of laws 
governing the supply of energy of the 
turbulence near the wall. 

Experiments on Magneto-Hydrody- 
namic Channel Flow. W. Murgatroyd. 
Philos. Mag. (7th Ser.), Dec., 1953, p. 
1348. 

Preliminary Investigation of a New 
Type of Supersonic Inlet. Antonio Ferri 
and Louis M. Nucci. (U.S., NACA TN 


2286, 1951.) U.S., NACA Rep. 1104, 
1952. 19 pp. Supt. of Doc., Wash. 
$0.25. 


Thermal Stress in Pipes. Henry Par- 
kus. J. Appl. Mech., Dec., 1953, p. 485. 
Calculation of the temperature distribution 
and thermal stress in a long tube, with an 
incompressible, hot liquid flowing through 
it under steady-state flow conditions, 
transferring heat to the surrounding walls. 

Velocity Distribution Between Parallel 
Plates. W. G. Schlinger and B. H. Sage. 
Ind. & Eng. Chem., Dec., 1958, p. 2636. 
10 refs. 


Stability & Control 


Experimental Determination of the 
Effect of Horizontal-Tail Size, Tail Length, 
and Vertical Location on Low-Speed Static 
Longitudinal Stability and Damping in 
Pitch of a Model Having 45° Sweptback 
Wing and Tail Surfaces. Jacob H. Lich- 
tenstein. (U.S., NACA TN 2381, 1951; 
TN 2382,1951.) U.S., NACA Rep. 1096, 
1952. 22 pp. 

Summary of Methods for Calculating 
Dynamic Lateral Stability and Response 
and for Estimating Lateral Stability Deriv- 
atives. John P. Campbell and Marion 
O. McKinney. (U.S., NACA TN 2409, 
1951.) U.S., NACA Rep. 1098, 1952. 40 
pp. 123 refs. Supt. of Doc., Wash. 
$0.35. 


Wings & Airfoils 


Air Forces and Moments on Triangular 
and Related Wings with Subsonic Leading 
Edges Oscillating in Supersonic Potential 
Flow. Charles E. Watkins and Julian H. 
Berman. (U.S., NACA TN 2457, 1951.) 
U.S., NACA Rep. 1099, 1952. 25 pp. 
Supt. of Doc., Wash. $0.25. 

Some Measurements of Leading Edge 
Separation Bubbles on a 10 per cent Thick 
Symmetrical Aerofoil. J. Black and R. 
D. Hunt. J. RAeS., Dec., 1953, p. 819. 

Theorems Concerning the Drag Reduc- 
tion of Wings of Fixed Plan Form. A. M. 
Rodriguez, P. A. Lagerstrom, and E. W. 
Graham. J. Aero. Sci., Jan., 1954, p. 1. 
Analysis of the problem concerned with 
the determination of wing geometry. 


Aeroelasticity 


Analysis of a Nonlinear Dynamic Vi- 


bration Absorber. L.A. Pipes. J. Appi. 
Mech., Dec., 1953, p. 515. Determination 


of the effect of a nonlinear absorber spring 


REVIEWS 


11] 


with characteristics of a hyperbolic sine 
function. 


Bowing of Violin Strings. Joseph B. 
Keller. Commun. on Pure & Appl. 
Math., Nov., 1953, p. 488. Formulation 


of a complete theory of the forced motion 
of a string acted upon by a bow. 

Closure Waves in Helical Compression 
Springs with Inelastic Coil Impact. J. A. 
Morrison. Quart. Appl. Math., Jan., 1954, 
p. 457. Investigation at Brown Univer- 
sity sponsored by Ballistics Research 
Labs., Aberdeen Proving Ground. 

Constant-Strain Waves in Strings. 
J. D. Cole, C. B. Dougherty, and J. H. 
Huth. J. Appl. Mech., Dec., 1953, p. 
519. Development of a nonlinear theory; 
application to the calculation of tension 
resulting from impact and breaking loads. 

A General Method for Solving Problems 
of the Unsteady Lifting Surface Theory in 
the Subsonic Range. H. G. Kuessner. 
J. Aero. Sci., Jan., 1954, p.17. 18 refs. 

A Method for Calculating the Subsonic 
Steady-State Loading on an Airplane with 
a Wing of Arbitrary Plan Form and Stiff- 
ness. W. L. Gray and K. M. Schenk. 
(Boeing Document D-10624, June 1, 1951.) 
U.S., NACA TN 3030, Dec., 1953. 120 
pp. 20 refs. 

The Normal Modes of Vibration of an 
Aircraft; A Comprehensive Technique for 
the Determination of Aircraft Normal 
Modes Using a Matrix Method. N. P. 
Shevloff and T. J. Reid. Aircraft Eng., 
Dec., 1953, p. 360. 12 refs. 

Single Degree of Freedom Flutter of 
Compressor Blades in Separated Flow. 
Jan R. Schnittger. J. Aero. Sci., Jan., 
1954, p. 27. Theoretical and experimen- 
tal investigation at the MIT Gas Turbine 
Lab. 

The Solution of the Center of Gravity 
and Moment of Inertia Problem. Reo S. 
Brink. GM Eng. J., Nov.—Dec., 1953, p. 
59. Principle of the pendulum. 


Aeronautics, General 


ASME Role in Powered Flight. Harris 
F. Reeve. Mech. Eng., Dec., 1953, p. 
987. Developmental survey covering con- 
trol and stability, engineering materials, 
engines and structures, nagivation and 
communication, safety problems, and 
other aspects. 

Fifty Years of Flying Progress. Grover 
Loening. J. Franklin Inst., Dec., 1958, p. 
493. Developmental survey. 

Fifty Years of Powered Flight. Jn- 
teravia, No. 12, 1958, p. 691. Partial 
contents: Thirty-three Years of Aircraft 
Manufacture, Frederic W. Conant. Ger- 
many’s Contribution to Aviation, Willy 


Messerschmitt. Memories of a Designer, 
Ernst Heinkel. The Weapons System—A 
New Concept in Aircraft Production, 


Pierre M. Gallois. > 

The First Fifty Years. H. F. King. 
Flight, Dec., 1953, p. 753. A 35-page de- 
velopmental review, with a survey of 271 
designs, up to the Douglas X-3. 

The Seal of Half a Century. C. H. 
Gibbs-Smith. Aeronautics, Dec., 1953, 
p. 28. Review of the engineering achieve- 
ment of the Wright brothers. 

The Wright Brothers and the Royal 
Aeronautical Society; A Survey and Trib- 
ute. J. Laurence Pritchard. J. RAeS. 
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Dec., 1953, p. 742. 32 refs. A 76-page 
historical review, with illustrations. 


Air Transportation 


Air Lines of the World. The Aero- 
plane, Nov. 27, 1953, p. 719. A 29-page 
annual guide, arranged by geographical 
areas. 

An Airline Looks at Jets. W.C. Law- 
rence and H. E. Hoben. Western Av., 
Dec., 1953, p. 8. A comparative opera- 
tional cost analysis, covering use of turbo- 
props versus turbojets. 

The Operating Ratio as a Yardstick for 
Measuring Airline Profits. Eddie Ricken- 
backer. J. Air Law & Commerce, Sum- 
mer, 1953, p. 253. 


Airplane Design 


Design Features of the Douglas DC-7 
Airliner. Auto. Ind., Dec. 15, 1953, p. 
35, cutaway drawing. 

The Piloted Delta-Wing Interceptor; 
One of Its Major Design Problems. II. 
Alain Buret. Jnteravia, No. 12, 1953, p. 
725. Analysis of the problem of designing 
for longitudinal maneuverability and 
balance. 

The Piper Apache. B. N. Ashton. 
Hydraulic Engr., Oct.-Nov., 1953, p. 3. 
Specifications of the hydraulic system and 
other features. 

Short’s Aero-isoclinic Sherpa; Two 353 
Ib.s.t. Turboméca Palas turbo-jets. The 
Aeroplane, Dec. 18, 1953, p. 843; cutaway 
drawing, by J. H. Clark, p. 844. Design 
and structural specifications. 


Airports 


Status of Air Navigation Traffic Control 
System. Hamilton I. Rothrock. Navi- 
gation, Dec., 1953, p. 363. Evaluation of 
major problems. 

VOLSCAN— Air Traffic Control Central 
AN/GSN-3; The Solution to the Air 
Traffic Control Phase of Return-to-Base. 
Ben F. Greene, Phyllis M. Barnes, and 
James H. Mollenauer. USAF ARDC 
Manual, 1953. 40 pp. 


Aviation Medicine 


Anthropometry of Male Basic Trainees. 
Gilbert S. Daniels, H. C. Meyers, Jr., and 
Edmund Churchill. USAF WADC TR 
53-49, July, 19538. 99 pp. 

The Effect of Rapid Freezing and Thaw- 
ing on Human Newborn and Adult Skin. 
C. M. Pomerat. USAF SAM Project 
21—-1202-0001 Rep. 5, Aug., 1953. 17 pp. 

Efficiency of Impaired Ears in Noise. 
II—The Discrimination of Changes in In- 
tensity. Raymond Carhart and Charles 


Lightfoot. USAF SAM Project 21-1203- 
0001 Rep. 5, Sept., 1953. 11 pp. 
Computers 


The Convair Analogue Computer. R. 
D. Horwitz. Radio & TV News, Jan., 
1954, p. 61. For solving aircraft flight 
equation problems; design and operational 
details. 

A Harmonic Synthesizer with Visual 
Display. H. Sutcliffe. Electronic Eng., 


AERONAUTICAL 


ENGINEERING REVIEW 


Dec., 1953, p. 517. 
alog machine. 
Use of Flight Simulators in the Design of 


Principles of the an- 


Aircraft Control Systems. H. Elmore 
Blanton. Aero. Eng. Rev., Feb., 1954, p. 
29. Developmental review; principles 


of analog simulation; the mathematical 
problem; capabilities and applications. 

Computer Circuits for High Tempera- 
tures. J. F. Koch, Jr., and George C. 
Hand, Jr. Tele-Tech, Jan., 1954, p. 82. 
Design and performance; selection and 
operational factors for components; cir- 
cuit details; applications 

The Decimal Digital Differential An- 
alyzer; A New Tool for Engineering and 
Science. Myron J. Mendelson. Aero. 
Eng. Rev., Feb., 1954, p. 42. Fundamen- 
tal characteristics of the DDA, with con- 
struction details; integration and special 
techniques; applications and other factors. 

Electronic Calculator. Elec. Mfg., Dec., 
1953, p. 108. Design and operational 
details of the IBM Model 607 computer. 


Extending Engineering Skills With 
Large-Scale Digital Computers. Allen 
Keller. Mech. Eng., Nov., 1953, p. 891. 


Typical problems; potentialities and ap- 
plications. 

Phantastron Computes 
Ratios. L.D. Findley. Electronics, Jan., 
1954, p. 164. Developed for an experi- 
mental radar system; performance and 
circuit details. 


Pulse-Width 


Education & Training 


Flight Simulators; Current Practice. 
G. B. Ringham and A. E. Cutler. (RAeS 
Lecture, Dec. 10, 1958.) Flight, Dec. 25, 
1953, p. 843. Abridged. Design princi- 
ples; development of trainers and aids. 


Electronics 


Analysis of a Limiter as a Variable-Gain 
Device. L. R. Kahn. Elec. Eng., Dec., 
1953, p. 1106. 

Approximate Solutions of the Space- 
Charge Problem for Some Unusual Elec- 
trode Geometries. /. Appl. Phys., Dec., 
1953, p. 1466. 17 refs 

Band-Pass Filters; Synthesis of Con- 
stant-Resistance Types for a Prescribed 
Response. Fuad Surial Atiya. 
Eng., Dec., 1953, p. 307 

Two New Equations for the Design of 
Filters. Milton Dishal. Elec. Commun., 
Dec., 1953, p. 324. 11 refs 

Differentiating Circuits. R. L. Ford. 
Electronic Eng., Dec., 1953, p. 519. Ap- 
plication to automatic control and analog 
devices; analysis of freedback circuits. 

Electronic Resistance-Sensitive Relay. 
S. S. Barnhart. Radio & TV News, 
Radio-Electronic Eng. Sect., Jan., 1954, p. 
8. Details of G-E model CR7511-A126GI1, 
designed to control large amounts of power 
from a low current or high resistance input. 

Exact Interpolation of Band-Limited 
Functions. Arthur Kohlenberg. iv 
Appl. Phys., Dec., 1953, p. 1432. 10 refs. 
USAF-Army-Navy-supported research at 
MIT; application to 
theory. 

High Sensitivity D-C Breaker Amplifier. 
Max D. Liston. Electronics, Jan., 1954, p. 
206. Details of circuit design; use of 
breaker in input to convert low-level d.c. 
into an alternating signal 


Wireless 


communication 


-MARCH, 


1954 


IRE Standards on Antennas and Wave- 
guides: Definitions of Terms, 1953. A 
G. Jensen, M. W. Baldwin, Jr., P. H 
Smith, D. C. Ports, and others. Pra 
IRE, Dec., 1953, p. 1721. 

The Meaning of the Vector Laplacian. 
Parry Moon and Domina Eberle Spencer 
J. Franklin Inst., Dec., 1958, p. 551. An 
alytical evaluation applicable to the for 
mulation of all electrodynamic problems. 

A New Hand Carried Transmitter- 
Receiver. Stanley Cutler and George 
Brownstein. Tele-Tech, Dec., 1953, p 
72. For low-powered two-way communi 
cations; construction and circuit details 

Noise Factor of Conventional V.H.F. 
Amplifiers. II. N. Houlding. Wireless 
Eng., Dec., 1953, p. 299. 

On Application of Impedance Method to 
Continuous Systems. H. M. Paynter 
J. Appl. Mech., Dec., 1958, p. 571. 13 
refs. 

An Alternating Current Stabilizer for 
Supplying Valve Heaters. P. A. \. 
Thomas. Electronic Eng., Dec., 1953, p 
522. Details of a simple transductor 
controlled system; application to multi 
channel recorders. 

Stable Power Supplies for Microwave 
Standards. William P. Ernst. Electron 
ics, Jan., 1954, p. 168. Designed and 
constructed for NBS to provide highly 
stabilized voltages between 6.3-3,000 
volts for super - high - frequency, ex 
tremely-high-frequency, and local-oscilla 
tor klystron tubes; circuit details. 

Designing Radomes for Supersonic 
Speeds. Samuel S. Oleesky. Electron 
ics, Jan., 1954, p. 180. Use of foam and 
sandwich materials in a unified design of an 
airborne radar radiating system; effects 
of meteorologic conditions, high altitudes, 
and shock; electrical conduction factors. 

A Theory of Target Glint or Angular 
Scintillation in Radar Tracking. Richard 
H. Delano. Proc. IRE, Dec., 1953, p. 
1778. 


Antennas 


An Analysis of Errors in Long Range 
Radio Direction Finder Systems. James 
G. Holbrook. Proc. IRE, Dec., 1953, 
p. 1747. 

Antennas Fed by Horns. B. Berkowitz 
Proc. IRE, Dec., 1958, p. 1761. Analysis 
of a special type of microwave antennas; 
derivation of formulas for the E- and H 
plane radiation patterns as functions of 
illumination taper. 

Automatically Deiced X-Band Beacon 
Antenna. C. Edgar Thomas, Jr. Elec 
tronics, Jan., 1954, p. 152. Ground-based 
design for the 9,220-9,430 mc. range, to 
provide omnidirectional azimuth pattern 
and narrow vertical beamwidth; analysis 
of performance. 

Doppler-Effect Omnirange. Paul G 
Hansel. Proc. TRE, Dec., 1953, p. 1750 
Design of a new omnirange in which the 
transmitting antenna is caused either to 
move or to appear to move along a circular 
path to produce low-deviation FM by 
Doppler effect. 

Radiation Pattern Synthesis. Edmund 
A. Laport. RCA Rev., Dec., 1953, p. 533 
Analysis of methods of pattern control. 

Wide-Frequency-Range Tuned Helical 
Antennas and Circuits. A. G. Kandoian 
and William Sichak. Elec. Commun., 
Dec., 1953, p. 294. 10 refs. 
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FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. G, 


COTE. BROS. 


Foote Bros. pioneered in the engineering and 
production of precision gearing and mechanical 
drives for aircraft and aircraft engines. 


Today, many of the leading producers of air 
frames and engines look to Foote Bros. for the 
development and manufacture of power-trans- 
mission equipment to solve problems in aircraft 
control and operation. Foote Bros.’ 95 years of 
extensive experience, backed by a large engji- 
neering staff and the complete production facili- 

ties of three large plants, offers you a 

logical answer to any power transmis- 

sion problem. Write for information. 


This Trade-Mar 
Stands for the 
Finest in 


Industrial Gearii 


4545 S. Western Blvd., Chicago 9, Ill. 


| 

where precision counts...gears and 
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REVIEW 


One of a series of compact, 
| rugged, lightweight valves 
especially designed and 
produced for jet engine 
nozzle eyelid control systems 


OPERATION 


| A Spring Offset, Two Position, Solenoid Operated, 
| Four Way Valve using engine oil to operate 
hydraulic cylinders. 


B Solenoid energized, 3000 psi at inlet port produces 
outflow at cylinder 1 —cylinder 2 open to return. 


C Solenoid de-energized, produces outflow at 
' cylinder port 2, cylinder 1 open to return. 
\ CHARACTERISTICS 
Ambient temperature range —65° to +350°F. 
Operating pressure 3000 psi. 


Ports per AND10050 are available in 1/4”, 5/16”, 
3/8”, and 1/2” tube sizes. 


No packing on sliding members. 
Operating voltage 18-30 VDC. 


Current required 1.0 amp. at 30 volts. 
Continuous duty solenoid. 


Pilot valve spring loaded against pressure 
\ to 4000 psi min. 


\ 9 Operating fluid MIL-L-7808 
10 None interflow type valve. 
11 Weight 1.75 Ibs. 


ADEL produces a complete line of Aircraft 
HYDRAULIC & PNEUMATIC CONTROL EQUIPMENT, 
HEATER, ANTI-ICING & FUEL SYSTEM EQUIPMENT, 
ENGINE ACCESSORIES AND LINE SUPPORTS. 


For better, safer 
jet engine per- 
formance—Specify 
ADEL 


NE ACCESSORIES 


DIVISION OF GENERAL METALS CORPORATION * BURBANK, CALIF. * HUNTINGTON, W. VA. 


CANADIAN REPRESENTATIVE: RAILWAY & POWER ENGINEERING CORPORATION, LIMITED 
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Construction Techniques 


The Economics of Printed Wiring. 
Robert L. Swiggett and James F. Car 
berry. Tele-Tech, Dec., 1953, p. 78 
Fabrication cost factors. 

Printed-Circuit Design Sources. Ele. 
Mfg., Dec., 1958, p. 129. Check lists of 
commercial and experimental design and 
fabrication services, sources of supply, and 
end-product applications. 

Printed - Wiring Multiple 
Methods. Alvin E. Stones. 
Dec., 1953, p. 62. 
and applications. 

Protective Coatings for Etched Circuits. 
Morris Weinberg and L. J. Martin 
Tele-Tech, Dec., 1953, p. 88. Insulation 
loss effects; resistance and recovery tests 
on various materials. 

Specification Engineering for Military 
Components and Materials. Barney A 
Diebold. Elec. Mfg., Dec., 1953, p. 112 
The Signal Corps-USAF standardization 
program affecting component manufac 
ture. 

Testing Organic Materials for Electro- 
lytic Corrosion. C.H.Kreck. Elec. Mfg., 
Dec., 1953, p. 13838. RCA Victor test 
method for materials of construction; glos 
sary of insulating tapes. 


Soldering 
Tele-Tech, 
Principles, procedures, 


Electronic Tubes 


Coaxial-to-Helix Transducers for Trav- 
eling-Wave Tubes. R. E. White. Ele 
Commun., Dec., 1953, p. 300. 

Development of a New Premium Twin 
Triode. H. E. Stumman and J. W 
Ritcey. RCA Rev., Dec., 1953, p. 482 
Design and construction details; reli- 
ability factors. 

Electron Multiplier Valve; Comparison 
With the Conventional R.F. Amplifier. A 
Lempicki. Wireless Eng., Dec., 1953, p 
312. 

Filter-Helix Traveling-Wave Tube. I 
The Filter Helix, A New Circuit Element 
for Traveling-Wave Amplifiers and Oscil- 
lators. W. J. Dodds and R. W. Peter 
RCA Rev., Dec., 1958, p. 502. 18 refs. 

Glass in the Electronic Industry. M 
Manners. Electronic Eng., Dec., 1953, p 
512. Application to manufacture of elec 
tronic tubes. 

Information Cells on Intensity-Modu- 
lated CRT Screens. Daniel Levine 
(USAF WADC TR 53-90, May, 1952 
Proc. IRE, Dec., 1953, p. 1766. Analysis 
of the nature of the excitation of an in 
tensity-modulated sweep for rectangular 
and triangular current waveforms, with 
radar application. 

Low-Noise Traveling-Wave Tubes for 
X-Band. Dean A. Watkins. Proc. JRE, 
Dec., 1963, p. 1741. 10 refs. Experi 
mental study at 9,000 me. for radar de 
tection. 

Relaxation Oscillations in Voltage- 
Regulator Tubes. P. L. Edwards. Prox 
IRE, Dec., 1953, p. 1756. 

Viewing Storage Tube with Halftone 
Display. M. Knoll, P. Rudnick, and H 
Hook. RCA Rev., Dec., 1958, p. 492 
For radar, telemetering, and other applica 
tions. 


Magnetic Devices 


Flux Preset High-Speed Magnetic Am- 
plifiers. C.B.House. Elec. Eng., Jan., 
1954, p.51. Abridged. 
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Magnetic Amplifier Performs Analytical 
Operations. L. A. Finzi and R. A. 
Mathias. Elec. Eng., Dec., 1953, p. 
1097. Abridged. 

Magnetic Amplifier Uses Conventional 
Inductors. A. I. Bennett, Jr. Elec- 
tronics, Jan., 1954, p. 181. Circuit design 
for power gains above 2,000 per stage, out- 
puts of over 50 watts, and response times 
of 4-5 cycles; applications include use as 
saturable reactors. 

Negative Inductance Cuts Magnetic- 
Amplifier Lag. George M. Ettinger. 
Electronics, Jan., 1954, p. 162. 

The Principle of the Magnetic Recording 
and Reproduction of Sound. W. K. 
Westmijze. Philips Tech. Rev., Sept., 
1953, p. 84 


Measurements & Testing 


A-M System Measures Microwave At- 


tenuation. John Korewick. Electronics, 
Jan., 1954, p. 175. Audio-modulation 
substitution measurement covering the 


200-40,000 me. frequency range; noise 
reduction design features. 

Automatic Milliwattmeter for Electro- 
magnetic Radiation. J.C. van den Bosch 
and F. Bruin. Appl. Sci. Res., Sect. B, 
No. 4-5, 1953, p. 260. Self-balancing and 
direct-reading thermistor-adapted elec 
tronic instrument, with circuit details. 

Electronic A.C. Potentiometer. L. 
Tasny-Tschiassny. Wireless Eng., Dec., 
1953, p. 295. 18 refs. Construction and 
operation of meter, with circuit details. 

Measurement of L.F. Response of 
Servo-Mechanism Components. E. J. P. 
Long. The Engr., Dec. 4, 1958, p. 722 
Design and operation of apparatus for 
producing a sinusoidal signa] in the 0.5-20 
cycles per sec. frequency range, with 
method for measuring attenuation and 
phase shift. 

Measurement of Resonant-Cavity Char- 
acteristics. G.L. Hall and Philip Parzen. 
Proc. IRE, Dec., 1958, p. 1769. 

Microwave Diffraction Measurements 
in a Parallel-Plate Region. Ronald \. 
Row. J. Appl. Phys., Dec., 1953, p. 1448. 
14 refs. USAF - ARMY - ONR - sup- 
ported theoretical and experimental stud 
ies at Cruft Lab., Harvard University. 

Practical Calibration Adjustments for 
Apparatus Which Obeys a Theoretical Law 
Imperfectly. J. W. Head. Electronic 
Eng., Dec., 1953, p. 499. 

Stroboscopic Interpolation. Albert H. 
Taylor. Radio & TV News, Radio- 
Electronic Eng. Sect., Jan., 1954, p. 13. 
Method for accurate frequency calibration 
in the region between harmonics of the 
standard signal; polar-coordinate oscillo 
scope patterns. 


Navigation Aids 


Air Navigation. Owen S. Olds. Ryan 
Reporter, Dec. 1, 1953, p. 6. Require- 
ments for a completely self-contained sys- 
tem for global use. 

All-Weather Landings; Air and Ground 
Research by the Blind Landing Experi- 
mental Unit. W.Makinson. Flight, Dec. 
18, 1953, p. 805. 

A Pictorial Flying Computer. 
B. Sperry. Navigation, Dec., 
356. Details of the 
advantages 


Arthur 
1953, p. 
“automatic map”; 
and disadvantages. 


AERONAUTICAL REVIEWS 


Synchro Control 
Transformer 
(Actual Size} 


Geared 
Servo Motor 
(Actual Size) 


Servo Motor- 
Tachometer 
Generator 
{Actual Size) 


Technical Data on these and other 
components is available on request. 


KEARFOTT COMPONENTS INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, Tach- 
ometer Generators, Hermetic Rotary 
Seals, Aircraft Navigational Systems, 
and other high accuracy mechanical, 


electrical and electronic components. 


miniature 
precision components 
for high-performance 


Servo Systems 


Developed and produced by Kearfott, 
these units exemplify accomplishments of 
creative engineering teamed with produc- 
tion skill providing performance values of 
accuracy, speed of response and reliability 
unique for their size. Advanced design 
techniques are typified by the unitized 
stator and housing construction, permitting 
line-bored relationship of stator and rotor. 
This makes practical the extremely close 
concentricity tolerances apparent in im- 
proved efficiency of the Servo Motors and 
the very high accuracy of the companion 
Synchro. A very rugged structure, stable 
under extremes of environmental exposure 
is also provided. 


Conforms dimensionally to Navy BuOrd Size Il 
(Maximum Diameter 1-1/16") 


TECHNICAL INFORMATION 


Synchro— Avoiloble as Control Transformer, 
Transmitter, Resolver, Differential, for 26 or 115 volt 
400 cycle operation. Maximum error tolerance is 7 
minutes of arc. The hardened pinion shaft may be used 
as a spline. Terminals for convenient installation and 
replacement are provided. Other synchros for 60 
cycle operation may be obtained. (Basic Type R500). 


Servo Motor—the Servo Motor (Basic Type 
R119) features a very high torque-to-inertia ratio. 
Motor input is 3.5 watts per phase at 115 volt 400 
cycle. Available with high-impedance control winding 
for operation directly in plate circuit of an Amplifier. 
Integral precision gear train can be provided. Many 
other models available including Servo Motors for 
60 cycle duty. (Basic Type R303). 


Servo Motor-Generator—the motor 
described above is available with an integral high 
performance damping generator, providing an out- 
put signal of 1/2 volt per 1000 RPM over a 5500 RPM 
speed range. (Basi~ Type R804). 


See us at the Radio Engineering Show, Booth 722, 
Airborne Avenue, March 22-25, Kingsbridge Ar- 
mory, Bronx, New York. 


earfott 


SINCE 1917 


KEARFOTT COMPANY, INC., Little Falls, N. J. 


Midwest Office: 188 W. Randolph St., Chicago 1, Ill., 


West Coast Office: 253 N. Vinedo Ave., Pasadena, Calif. 


A GENERAL PRECISION EQUIPMENT CORPORATION SUBSIDIARY 
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Oscillators & Signal Generators 


D.C. Restoring of Variable Width 
Rectangular Pulses. J. Van Bladel. Elec- 
tronic Eng., Dec., 1953, p. 524. Deter- 
mination of the quantitative importance 
of deviations. 

High Frequency Resistance-Capacitance 
Oscillators. G.W. Holbrook. Electronic 
Eng., Dec., 19538, p. 509. Design and 
operational details, with network circuits. 

A Portable High-Speed Cathode-Ray 
Oscillograph. S. Waring and B. Murphy. 
J. Sci. Instr., Dec., 1958, p. 469. Develop- 
ment based on the original model of Prime 
and Ravenhill, using G-E’s type 908 BCC 
tube, with circuit details. 


Semiconductors 


A Germanium N-P-N Alloy Junction 
Transistor. Dietrich A. Jenny. Proc. 
TRE, Dec., 1953, p. 1728. 

Power Transistors for Audio Output 
Circuits. L. J. Giacoletto. 
Jan., 1954, p. 144. 10 refs. 
method. 


Preparation of p-n Junctions by Surface 
Melting. Kurt Lehovec and Emanuel 
Belmont. J. Appl. Phys., Dec., 1953, p. 
1482. 

The Surface-Barrier Transistor. I— 
Principles of the Surface-Barrier Transis- 
tor. W. E. Bradley. II-—Electrochemi- 
cal Techniques for Fabrication of Surface- 
Barrier Transistors. J. W. Tiley and R. 
A. Williams. III-—Circuit Applications of 
Surface-Barrier Transistors. J. B. An- 
gell and F. P. Keiper, Jr. IV—On the 
High-Frequency Performance of Transis- 
tors. Robert Kansas. V—The Proper- 
ties of Metal to Semiconductor Contacts. 
R. F. Schwarz and J. F. Walsh. Proc. 
IRE, Dec., 1953, pp. 1702, 1706, 1709, 
1712, 1715. 17 refs. 

Transistors : 
XI —Cascading 
Stages. 


Owens. 


Electronics, 
Analytical 


Theory and Application. 

Transistor Amplifier 
Abraham Coblenz and Harry L. 
Electronics, Jan., 1954, p. 158. 


Telemetry 


FM/FM Telemetering. I, II. W. J. 
Mayo-Wells. Tele-Tech, Dec., 1958, Jan., 
1954, pp. 91, 85. Basie _ principles; 
reliability and other factors in measure- 
ment systems for rockets; test procedures. 

Guided Missile Data Distribution. 
James B. Wynn, Jr., and Sam L. Acker- 
man. Tele-Tech, Dec., 1958, p. 65. 
USAF Florida Missile Test Range radio- 
telemetry facilities; system 
including failure protection. 

A Remote Control and Telemetering 
System for a Van De Graaff Generator. 
II. B. Millar. Dec., 


19538, p. 506. 


techniques, 


Electronic Eng., 
Transistors in Telemetry. Fred M 
Riddle. Electronics, Jan., 1954, p. 178. 
Investigation at the CIT Jet Propulsion 
Lab. on the use of transistors as informa- 
tion oscillators in an FM/FM< system. 


Transmission Lines 


Broadband Rotary Waveguide At- 
tenuator. B.P.Hand. Electronics, Jan., 
1954, p. 184. For frequencies up to 50 
kilomegacycles; principles of operation. 

A Comparison of the Properties of Cer- 
tain Materials Used in Low-Power Micro- 


ENGINEERING REVIEW 


wave Attenuators. F. A. 
R. M. Pearson. 
1953, p. 502. 

Experimental Determination of the 
Properties of Microstrip Components. 
Maurice Arditi. Elec. Commun., Dec., 
1953, p. 283. 10 refs 

Guided Electromagnetic Waves in Ani- 
sotropic Media. A.A. Th. M. van Trier. 
Appl. Sct. Res., Sect. B, No. 4-5, 1953, p 
305. 36 refs. 


Benson and 
Electronic Eng., Dec., 


Wave Propagation 


Electric Currents in the Ionosphere. 
I—The Conductivity. W. G. Baker and 
D. F. Martyn. Il1—The Atmospheric 
Dynamo. W. G. Baker. III—lIoniza- 
tion Drift Due to Winds and Electric 
Fields. D. F. Martyn. Philos. Trans 
Royal Soc. (London), Ser. A., Dec. 16, 
1953, pp. 281, 295, 306. 30 refs. 

High-Frequency Scatter Sounding Ex- 
periments at the National Bureau of 
Standards. Richard Silberstein. Sci- 
ence, Dec. 25, 1953, p. 759. 13 refs. 

An Investigation of Whistling Atmos- 
pherics. L.R.O. Storey. Philos. Trans 
Royal Soc. (London), Ser. A, July 9, 1958, 
p. 1138. 24 refs. Theoretical and ex- 
perimental study of radio waves in the 15 
ke.-20 me. frequency range. 

Radio Propagation Over a Flat Earth 
Across a Boundary Separating Two Dif- 
ferent Media. P.C Philos 
Trans. Royal Soc A, June 
15, 1953, p. 1. 75 refs 

The Reception of Atmospherics at High 
Frequencies. Horner. J. Atmospheric 
& Terrestrial Phys., Oct., 1953, p. 129 
Experimental investigation to develop a 
ranging technique 


Clemmow. 
(London), Ser. 


Equipment 
Electric 


Blast Cooling of Electrical Machinery ; 
A Note on the Limitations of Blast Cooling 
as a Means of Cooling Airborne Equip- 
ment. A. C. Boswell 
Dec., 1953, p. 367 

Five New VARIAC Speed Controls 
Round Out the Line. W. N. Tuttle 
Gen. Radio Exp., Dec., 1958, p. 1. De 
sign details; potentialities and applica 
tions. 


Aircraft Eng., 


Hydraulic & Pneumatic 


Design of a Hydraulically Operated 
Biaxial Fatigue Testing Machine. C. E 
Bowman. Appl. Hydraulics, Dec., 1958, 
p. 61. Operating characteristics; hy 
draulic circuit detail 

Design of Hydraulic Systems for Heavy 
Presses. III—-Control Circuits. Arthur 


Greensite. Appl. Hydraulics, Dec., 1958, 
p. 68. 

Hydraulic Accumulators. II—Non- 
separator Designs. Edward M. Greer 
Mach. Des., Dec., 1953, p. 248 Weight 


loaded (gravity 
matic designs 

Materials For O-Ring Seals; Their 
Properties and Selection. E. L. Carlotta 
Materials & Methods, Dec., 1958, p. 104 
Evaluation of characteristics of rubber and 
plastics compounds used for pneumatic 
and hydraulic seals 


, spring-loaded, and pneu 


MARCH, 


Fuel & Lubricants 


Fuels and Fuel Systems—A Petroleum 
Viewpoint. T. W. Legatski, O. C. Bridge- 
man, E. W. Aldrich, and R. Rohde 
SAE Summer Meeting, Atlantic City, N.J., 
June 7-12, 1953, Preprint 103. 15 pp 
Analytical evaluation of characteristics of 
various systems. 

Gas-Liquid Phase Equilibrium in the 
System Methanol-Hydregen. A. Michels, 
W. de Graaff, and J. van der Somme. 
Appl. Sci. Res., Sect. A, No. 2, 1958, p 
105. 

Liquid Equilibria of Water-Methanol- 
Aniline-Benzene System. Alfred W. Fran- 
cis. Ind. & Eng. Chem., Jan., 1954, p. 205. 

Phase Equilibria in Hydrocarbon Sys- 
tems; Volumetric Behavior of x-Nonane. 
L. T. Carmichael, B. H. Sage, and W. N. 
Lacey. Ind. & Eng. Chem., Dec., 1953, 
p. 2697 


Photometric Determination of Copper in 


Gasoline. J. K. Livingstone and N. D. 
Lawson. Anal. Chem., Dec., 1953, p. 
1917. 


Prediction of Liquid-Vapor Equilibria 
From an Empirical Equation of State for 
Mixtures. George Galloway Duplaise 
Town. U. Wis. NRL Dept. Chem. Rep. 
ONR-4, Aug. 25, 1953. 14 pp. 10 refs 

Reaction Processes Leading to the 
Spontaneous Ignition of Hydrocarbons. 
Charles E. Frank and Angus U. Black- 
ham. Ind. & Eng. Chem., Jan., 1954, p 
212. 18refs. NACA-sponsored research 

Single-Constant Linear Equation for 
Vapor-Liquid Equilibria in Binary Systems. 
R. Norrish and G. H. Twigg. & 
Eng. Chem., Jan., 1954, p. 201. 16 refs 

Thermodynamic Correlation of Vapor- 
Liquid Equilibria; Prediction of Multi- 
component Systems. Bernard S. Ed 
wards, Frank Hashmall, Roger Gilmont, 
and Donald F. Othmer. IJnd. & Eng 
Chem., Jan., 1954, p. 194. 22 refs 

Volumetric Behavior of Isopentane. 
Reginald Isaac, Kun Li, and L. N. Canjar 
Ind. & Eng. Chem., Jan., 1954, p.199. CIT 
research studies 

Volumetric Behavior of Nitric Acid. 
H. H. Reamer, W. H. Corcoran, and B. H 
Sage. Ind. & Eng. Chem., Dec., 1958, p. 
2699. 16 refs. 


Lubricants & Lubrication 


Engine and Lubricants Research at 
Armour Research Foundation. G. k 
Brower. The Frontier, Dec., 1953, p. 8 
Properties, specifications, and perform 
ance characteristics of lubricants under 
operating conditions. 


Friction and Wear Investigation of 


Molybdenum Disulfide. I-—Effect of 
Moisture. Marshall B. Peterson and 
Robert L. Johnson. U.S., NACA TAN 
3055, Dec., 19538. 28 pp. 


How to Prevent Oil Film Whirl in 
Journal Bearings. Appendix—Theoreti- 
cal Remedies. R. S. Sherwood. Mac! 
Des., Dec., 1958, p. 163. 


Gliders 


The C.V.V. 6 ‘‘Canguro.’’ 
Ciani. Sailplane & Glider, 
1953, p. 7. 


15 refs. 


Edgardo 
Nov.-Dec., 
Design and structural details, 
with performance data. 
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2 Waldes Truarc Rings Replace 2 End Plugs 
... Eliminate 3 Operations . 


OLD WAY Two inserted-plug type wrist pin locks hold wrist pin 
in place. 3 operations involved: costly machining, pressing in 
place, post-assembly machining. Costly maintenance problem— 
resulting from end plugs hammering loose. 


Titan Chain Saws, Inc., Seattle, 
Washington, uses 2 Waldes Truarc 
Rings to replace old-style inserted- 
plug type wrist pin locks in their Titan 
chain saws. Use of Waldes Truarc 
Retaining Rings eliminates 2 press 
fit end plugs. Machining of plugs, 
pressing in place, finish machining— 
no longer required. Truarc way holds 
rejections to a minimum. Unit effi- 
ciency is greatly increased. 
Redesign with Truarc Rings and 
you, too, will cut costs. Wherever you 
use machined shoulders, bolts, snap 


TRUARC WAY TwoTruarc Inverted Retaining Rings (Series 5008) 
hold wrist pin in place. Truarc Rings snap into grooves easily 
cut in piston, provide positive lock .. . practically eliminate 


.. Save *.066 Per Unit 


maintenance costs. Quick assembly, disassembly, 


USE OF 2 WALDES TRUARC RINGS 
PERMITTED THESE SAVINGS PER UNIT: 


OLD WAY 
Cost of 2 end plugs \ 


Cost of pressing in and machining { 


TRUARC WAY 
Cost of grooving piston } 


Cost of 2 Truarc Rings f 


Saving per Unit......... $ .066 


rings, cotter pins, there’s a Waldes 
Truarc Retaining Ring designed to 
do a better job of holding parts 
together. 

Waldes Truarc Rings are precision- 
engineered ... . quick and easy to 
assemble and disassemble. Always 
circular to give a never-failing grip. 
Theycan be used over and over again. 

Find out what Waldes Truare Re- 
taining Rings can do for you. Send 
your blueprints to Waldes Truarc 
engineers for individual attention, 
without obligation. 


‘Visit the Truarc Exhibit at the 


For precision internal grooving and undercutting. ..Waldes Truarc Internal Grooving Tool. |... show, Booth 746, Mar. 22-25” 


SEND FOR NEW CAT 


WALDES 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 
WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 
U.S. PATENTS; 2.382.947: 2.382.948: 2.416.852; 2,420,921; 2.428.341; 2,439,785; 2,441,846: 2.455.165; 

2.483.280; 2,483,383; 2,487,802; 2.487.803; 2.491.306; 2,509,081 AND OTHER PATENTS PENDING. 


~ 
D> Waldes Kohinoor, Inc., 47-16 Austel Place, L. I. C. 1, N. Y. 
Please send me the new Waldes Truarc Retaining Ring | 

j catalog. | 

| (Please print) ath | 

| | 

| 

- | 

Company. | 

| 

| Business Address..... | 

City y State.......... 

Lat 
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precision industry 


To serve this great industry 
a manufacturer must maintain the best and 
most modern equipment available, operate 

it with skilled craftsmen, and use every 

existing method of tightening specifications 

and cutting production costs. Indiana Gear 

is such a manufacturer—a company 

of craftsmen producing fine quality 


transmissions and actuators for industry. 


This is the control panel room 
in |. G. W.'s ultra modern 
heat-treating department — 


one of the contributing fac- 


tors to Indiana Gear's unique 
ability to create hard-to-make 
parts to exacting specifica- 


INDIANA GEAR 


tions 


INDIANA GEAR WORKS, INC.* INDIANAPOLIS 7, INDIANA 
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Ice Formation & Prevention 


Calculation of the Catch of Water by a 
Jet Engine During High-Speed Flight in 
Cloud. D. A. J. Millar. Canada, NAE 
LR-78, June 9, 1958. 36 pp. 


Instruments 


Applications of the Constant Tempera- 
ture Hot-Wire Anemometer to the Study 
of Transient Air Flow Phenomena. 
James C. Laurence and L. Gene Landes 
Instruments, ISA J. sect., Dec., 1953, p 
1890. 

An Automatic Micromanometer for the 
Measurement of Low Air Speeds. R.A 
K. Long. J. Sci. Instr., Dec., 1953, p 
481. For use in an experimental air 
blast freezing tunnel equipped with NPL 
standard round-nosed Pitot-static tubes 

National Physical Laboratory Inter- 
ferometer. D. C. Barnes and M. J 
Puttock. The Engr., Dec. 11, 1953, p 
763. Design and construction details of 
the new model. 

Pressure Transducers. Jerry Grey 
Prod. Eng., Jan., 1954, p. 174. Applica 
tion to the study of high-temperaturé 
transients; comparison of different sys 
tems. 

Direct-Indicating Recording Instru- 
ments. II. S. R. Gilford. Elec. Mfe., 
Dec., 19538, p. 120. 14 refs. Basic 
principles; design and operational ele- 
ments; comparison of different types; 
selection factors for specific application 

How to Specify a Servo Control System. 
George M. Attura. Prod. Eng., Jan., 
1954, p. 129. Design details of load and 
system specifications. 

Response of Two-Material Laminated 
Cylinder to Simple Harmonic Environ- 
ment Temperature Change. Herman H 
Lowell. J. Appl. Phys., Dec., 1953, p 
1473. 14 refs. NACA investigations 
application to development of rapidly 
responding thermocouples and _ hot-wire 
anemometers. 

The Theoretical Characteristics of Bi- 
chromatic Pyrometers. H. Herne. Brit 
J. Appl. Phys., Dec., 1953, p. 374. 

A Variable Phase Contact Breaker for 
Stroboscopic Determination of Waveform. 
V. R. Peterson. J. Sci. Instr., Dec., 
1953, p. 457. Application to plotting 
vibratory movements and patterns of 
springs, flexible linkages, and gaging 
fluctuations. 


Machine Elements 


Automotive Engine Bearings. Lubrica 
tion, May, 1953, p.61. Operation and per 
formance, maintenance, failure, and manu 
facture of bearings; properties of bearing 
metals. 

Designing Springs for Optimum Per- 
formance. Frank A. Votta, Jr. Ele 
Mfg., Dec., 1958, p. 98. Selection pro 
cedure in terms of load requirements. 

Dynamic Loading of Compression 
Springs. I. Karl W. Maier. Prod 
Eng., Jan., 1954, p. 162. Basic princi 
ples; the general theory of elastic waves as 
applied; analysis of operational conditions 

The Fundamentals of Selecting Lock- 
nuts. C. C. Feroni. Prod. Eng., Dec., 
1953, p. 177. 
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New Approaches to Variable-Speed 
Drives. Charles E. Kraus. Mach. Des., 
Dec., 1958, p. 232. Fundamental re- 
search on metal-to-metal friction drive; 
applications to speed changers. 

Titanium Fastener Development Re- 
port. Harry S. Brenner. Fasteners, No. 
2, 1953. NavBuAer evaluative experi- 
ence and research. 

Torque Capacity and Design of Cone 
and Disk Clutches. A. F. Gagne, Jr. 
Prod. Eng., Dec., 1953, p. 182. Analysis 
includes tables, charts, and diagrams. 

Transactions of The First Conference 
on Mechanisms, Purdue University, West 
Lafayette, Ind., October 12-13, 1953. I 
Mechanisms and Their Classification. 
Allen S. Hall, Jr. II[—Recognition and 
Treatment of Acceleration. A. R. Holo- 
wenko. III—Application and Design of 
Noncircular Gears. H. E. Peyrebrune. 
IV—tUtilizing Irregular Gears for Inertia 
Control. W. W. Sloane. V—A Simpli- 
fied Approach to Linkage Design. Philip 
T. Nickson. VI—Designing Cams with 
Aid of Computers. R. F. Griffin. VII 
Systematic Correlation of Motions. James 
R. Longstreet. Mach. Des., Dec., 1953, 
pp. 173, 174, 180, 185, 193, 196, 209, 215. 
15 refs. 


Gears & Cams 


Graphical Solution of a Spiral Gear 
Problem. Otto Lichtwitz. Prod. Eng., 
Jan., 1954, p. 211. 

Tooling Problems When Specifying 
Ultrafine Pitch Gears. Louis D. Martin. 
Tool Engr., Jan., 1954, p. 45. 

Worm Gearing: Selection of Ma- 
terials; Support of Worm and Gear 
Shafts; Housing and Lubrication. James 
E. Gutzwiller. Prod. Eng., Jan., 1954, p 
146. 


Materials 


High Temperature Materials for 
Vacuum Service. Herbert B. Michael- 
son. Materials & Methods, Dec., 1953, 
p. 110. Includes tables of properties, 
general characteristics, and applications 
of metals and alloys and nonmetallic ma- 
terials for use above and below 2,200° F. 


Corrosion & Protective Coatings 


A Fundamental Investigation of Fret- 
ting Corrosion. H. H. Uhlig, I. Ming 
Feng, W. D. Tierney, and A. McClellan. 
U.S., NACA TN 3029, Dec., 1953. 52 
pp. 32 refs. MIT studies. 

How Tough Are Nickel and Chromium 
Electroplates for Aluminum? Henry 
Paige, J. H. James, and F. S. Williams. 
Prod. Eng., Dec., 1953, p. 162. Plating 
procedures; mechanical-strength and cor- 
rosion-resistant properties of some air- 
craft alloys. 

Selecting Ceramic Coatings for Jet 
Engine Parts. W. C. Rous, Jr. Ma- 
terials & Methods, Dec., 1953, p. 116. 
Coating processes, tests, and failures. 

Special Coatings for Metals Used at 
High Temperatures. A.H. Sully. Prod. 
Eng., Jan., 1954, p. 135. 


Metals & Alloys 


Behavior of Carbon and Low-Alloy 
Steels Between -—20 and +650° F. 
G. H. Enzian. Welding J. Res. Suppl., 
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x 


measure records faster... 


with the low-cost 


Contact Telereader System 
Operation: The operator 


makes measurements by The problems of manual measurement — slowness, 
rapid X-Y cross-wire motion. inaccuracy and high labor cost—are solved by 
The measurements are then the Contact Telereader System. 
electronically converted into It measures oscillograms, spectrograms and other graphic 
digital form for readout to records, makes up to 40 measurements per 
an electric typewriter, tape minute and provides .01” accuracy. 
perforator, summary punch of Flexibility is a major advantage of the system. It handles 
key punch. Measuring and single sheet or roll records of any length, any width 
readout are almost simultaneous. up to 18”, performs linear and non-linear 


calibrations, reads out in typewritten reports, 
punched cards, or perforated tape. 


Please send requests for specifications to 
Preston W. Simms, Dept. AER-3. 


 TELECOMPUTING corporation 


BURBANK, CALIFORNIA + Washington, D.C. 
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Dec., 1953, p. 605-s. 59 refs. PVRC- 
sponsored investigation on the phe- 
nomenon of brittleness with changing 
properties. 

The Evaluation of the Surface Im- 
pedance in the Theory of the Anomalous 
Skin Effect in Metals. A. N. Gordon 
and E. H. Sondheimer. Appl. Sci. Res., 
Sect. B, No. 4-5, 1953, p. 297. 

Thermoelectric Power of Monovalent 
Metals at High Temperature. D. K. C. 
MacDonald and S. K. Roy. Philos. 
Mag. (7th Ser.), Dec., 1953, p. 1364. 
Band theory of metals applied to the 
analytical investigation of thermoelectric 
properties. 

Which Stainless Steel? Richard E. 
Paret. Materials & Methods, Dec., 1958, 
p. 98. Analysis of corrosive elements, 
service conditions, fabrication methods, 
and other selection factors. 


Metals & Alloys, Nonferrous 


Dynamic Stress-Strain Relations for 
Annealed 2S Aluminum Under Compres- 
sion Impact. J. E. Johnson, D. S. Wood, 
and PD. S. Clark. J. Appl. Mech., Dec., 
1953, p. 523. 20 refs. 

Engineering Coppers. (Materials & 
Methods Manual No. 100.) John L. 
Everhart. Materials & Methods, Dec., 
1953, p. 123. Classification of grades; 
physical, mechanical, thermal, and other 
properties; forming and fabrication; clean- 
ing and finishing; applications. 

A New Look at Deformation in Copper 
and Alpha Brasses. A. M. Halstead, J. 
M. McCaughey, and H. Markus. Prod. 
Eng., Jan., 1954, p. 180. Stress-strain 
relationships and measurement; test pro- 
cedures. 


Nonmetallic Materials 


Determination of Elastic Constants of 
Orthotropic Materials with Special Ref- 
erence to Laminates. R. K. Witt, W. 
H. Hoppmann, II, and R. S. Buxbaum. 
ASTM Bul., Dec., 1953, p. 53. 

Mechanical Testing and Inspection of 
Structural Adhesives. H. Grinsfelder, 
B. Coe, and R. P. Hopkins. ASTM Bul., 
Dec., 1953, p. 62. 

Symposium on Recent Developments in 
Ceramics and Glass, ACS 123rd Meeting, 
Los Angeles, Calif., 1953. Ind. & Eng. 
Chem., Jan., 1954, p. 141. 125 refs. 
Partial contents: What's New in Glass, 
Alexander Silverman. Some Effects of 
High Energy Radiation on Glass, Norbert 
J. Kreidl. Recent Developments in Radi- 
ation-Sensitive Glasses, S. D. Stookey. 
Refractory Materials for Gas Combustion 
Equipment, Emil Blaha. Ceramics for 
Nuclear Power Applications, L. R. Mc- 
Creight. 

Phenolic Foam. J. D. Nelson. SPE 
Journal, Dec., 1953. Mechanical, ther- 
mal, and other properties; applications 
and potentialities. 

Polytetrafluoroethylene—Its Properties 
and Uses. L. W. Cornell. Mech. Eng., 
Nov., 1953, p. 888. Electrical, physical, 
mechanical, and other properties of 
Teflon; methods of fabrication and other 
aspects. 

Thermal Degradation of Polymers Dur- 
ing Molding. I—Theoretical Considera- 
tions. H. L. Frisch and V. T. Stannett. 
SPE J., Jan., 1954. p. 16. 


Viscosity Changes in Thermosetting 
Resins. D. I. Marshall. Ind. & Eng 
Chem., Dec., 1953, p. 2748. 

Aging Stability of Neoprene Latex. 
D. E. Andersen and R. G. Arnold. Ind. 
& Eng. Chem., Dec., 
refs. 

How to Simplify Your Rubber Specifica- 
tions. C. E. Arntzen. Prod. Eng., Jan., 
1954, p. 142. Method based on SAE- 
ASTM specifications 


1953, p. 2727. 12 


Testing 


Bauschinger Effect by Torsion of Cop- 
per Wires. M. J. Druyvesteyn and C. F 
Etienne. Appl. Sci. Res., Sect. A, No. 2, 
1953, p. 100 
deformation. 


Higher Approximation Methods for the 
Relaxation Spectrum from Static and 
Dynamic Measurements of Visco-Elastic 
Materials. F. Schwarzl and A. J. Staver 
man. Appl. Sci. Res., Sect. A, No. 2, 
1953, p. 127. 

Metal-Detectors. E. Blasberg and A. 
de Groot. Philips Tech. Rev., Sept., 
1953, p. 97. For the inspection of non- 
metallic materials to detect small metal 
particles. 

A Steel-Plate Thickness Meter. S.S 
Carlisle and R. B. Sims. Instruments, 
Dec., 1953, p. 1880. Electromagnetic 
measuring device for steel-plate tests. 

Der Zugversuch. (Mitteilung aus der 
Staatlichen Materialpriifungsanstalt an 
der Technischen Hochschule  Stutt- 
gart.) E. Siebel. J/nd.-Anzeiger (Essen), 
May 15, 1953, p. 478. 10 refs. In Ger 
man. (Also, abridged im:English, in Engr 
Dig., Aug., 1953, p. 297.) Stress-strain 
analysis of the plastic deformation of a ten 
sile test bar of ductile material; rigidity 
measurement of the testing machine and 
the influence on autographic records 


Investigation of metallic 


Mathematics 


Changes of Sign of Sums of Random 
Variables. P. Erdés and G. A. Hunt 
Pacific J. Math., Dec., 1958, p. 673 
ONR-NBS-supported study. 

A Differential System of Infinite Order 
with Non-Vanishing Solutions. D. B 
Sumner. Proc. London Math. Soc., 3rd 
Ser., Dec., 1953, p. 464 

Extension of the Notion of ‘‘Saddle 
Point’? to Systems of Two Differential 
Equations in Three Variables. Luigi 
Amerio. Commun. on Pure & Appl. 
Math., Nov., 1953, p. 435 

A Maximum Principle for a Class of 
Hyperbolic Equations and Applications to 
Equations of Mixed Elliptic-Hyperbolic 
Type. S. Agmon, L. Nirenberg, and M 
H. Protter. Commun. on Pure & Appl 
Math., Nov., 1953, p. 455. Army- 
ONR-sponsored research 

The Numerical Solution of Non-Singu- 
lar Linear Integral Equations. L. Fox 
and E. T. Goodwin. Philos. Trans 
Royal Soc. (London), Ser. A, Feb. 17, 
1953, p. 501. 16 refs 

On Linear Independence of Sequences 
in a Banach Space. P. Erdés and E. G. 
Straus. Pacific J. Math., Dec., 1953, 
p. 689. NBS study at UCLA. 


On Sums of Series of Complex Num- 
bers. Haim Hanani. Pacific J. Math 
Dec., 19538, p. 695. 

On Uniform Distribution Modulo a 
Subdivision. W. J. LeVeque. Pacific J. 
Math., Dec., 1953, p. 757. 

On the Approximation of Logarithms of 
Algebraic Numbers. K. Mahler. Philos. 
Trans. Royal Soc. (London), Ser. A 
Jan. 15, 1958, p. 371. 

The Physical Components of Vectors 
and Tensors. C. Truesdell. ZAMM, 
Oct.-Nov., 1953, p. 345. Mathematical 
definition, with representation of quanti- 
ties possessed of the natural physical di- 
mensions of the field capable of immediate 
physical interpretation. 

Sequential Test with Three Possible 
Decisions for Testing an Unknown Prob- 
ability. J. De Boer. Appl. Sci. Res., 
Sect. B, No. 4-5, 1953, p. 249. 

Univalent Solutions of Linear Elliptic 
Systems. Lipman Bers. Commun. on 
Pure & Appl. Math., Nov., 1953, p. 513 
14 refs. 

Zur Praxis der Biorthonormierung von 
Eigen und Hauptvektoren. Heinz Unger 
ZAMM, Oct.—Nov., 1953, p. 319. 12 
refs. In German. The _ bi-orthonormal 
transformation applied to linear matrix 
problems involving multiple latent roots of 
nonsymmetrical matrices; using the gen 
eralized Gram determinant and the modi- 
fied Gauss algorism. 

Completely Continuous Normal Oper- 
ators with Property LZ. Irving Kaplansky. 
Pacific J. Math., Dec., 1958, p. 721 
ONR-NBS-supported study at the Uni 
versity of Chicago. 

Derivatives of Infinite Order. Lee 
Lorich. Pacific J. Math., Dec., 1953, p 
773. 17 refs. Re-examination of cer 
tain problems on the existence and form of 


lim f(x) 
@ 
from the standpoint of summation by 
Borel’s exponential means. 

On the Complex Zeros of Functions of 
Sturm-Liouville Type. Choy-Tak Taam 
Pacific J. Math., Dec., 1958, p. 837. 

On the Expansion of Functions in Terms 
of Their Moments. H. S. Green and H 
Messel. Quart. Appl. Math., Jan., 1954, 
p. 403. 

On the Prime Ideals of the Ring of En- 
tire Functions. Melvin Henriksen 
Pacific J. Math., Dec., 1958, p. 711. 11 
refs, 

On the Representation of Analytic Func- 
tions by Infinite Series. W. F. Newns 
Philos. Trans. Royal Soc. (London), Ser 
A, Feb. 3, 1953, p. 429. 25 refs. 

Remarks on Self-Adjoint Differential 
Operators. Hans Ludwig Hamburger 
Proc. London Math. Soc., 3rd Ser., Dec., 
1953, p. 446. 

Some Extension Theorems for Con- 
tinuous Functions. Ernest Michael. Pa 
cific J. Math., Dec., 1953, p. 789. 24 refs 

Some Random Walks Arising in Learn- 
ing Models. I. Samuel Karlin. Pa 
cific J. Math., Dec., 1953, p. 725. Analy 
sis of certain transitional operators 


Meteorology 
Calibrating the PBY-6A Airplane for 


Meteorological Purposes. Given Brewer 
Aero. Eng. Rev., Feb., 1954, p. 24. Ex 
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This valve is a Spendthrift 


Bu it needn’t be! Valve clearance 
trouble, with resulting fuel and power 
waste, is easily detected by the Sperry 
Engine Analyzer. By using vibration 
analysis to check each cylinder under 
normal operating conditions, valve 
clearances can be adjusted for smoother 
engine performance. Result . . . engines 
develop full power—run cooler—use less 
fuel—last longer. 

» Vibration analysis, exclusive with 
the Sperry Engine Analyzer, can be 
employed either in flight or on the 
ground. When using the Engine Ana- 
lyzer, valve clearance can be easily 
checked at each inspection and over- 
haul—a profitable procedure for airlines 
and executive aircraft operators. 


In addition to vibration analysis, the 
Sperry Engine Analyzer also provides 
detailed ignition analysis. It imme- 
diately detects, locates and identifies 
irregularities in aircraft power plants— 
either during flight or on the ground. 
Aside from saving ground maintenance 
time, the Engine Analyzer enables 
the flight engineer to maintain proper 
operating conditions at all times 
and prevents unnecessary component 
replacements. 

Our nearest district office will give 
you complete data upon request. 


SPERRY PORTABLE ENGINE ANALYZER 


NGINE ANALYZEF MANUFACTURED AND LICENSES 
NOBERG PAT. NO. 2518427. OTHER | AN 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 


GREAT NECK, NEW YORK CLEVELAND NEW ORLEANS BROOKLYN LOS ANGELES SEATTLE SAN FRANCISCO 
IN CANADA e« SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC 
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HIGH ALTITUDE INVERTERS 


Type 32E03-3 


Rendix Red Bank 32EQO3-3 and MG- 
54 Inverters give the continuous 
full AC power output needed to 
operate flight control instruments, 
radio communications and radar at 
today’s higher altitudes and ambient 
temperatures. These two high alti- 
tude champions make the customary 
de-rating at higher altitudes un- 
necessary. They can deliver this 
outstanding performance because 
they have been specifically designed 
for high altitude operation and are 
not simply modernized versions of 
older designs. Further, their integral 
voltage and frequency controls en- 
able them to hold the close toler- 
ances required in modern aircraft. 


Type MG-54 


EATONTOWN, N. J. Fred SONS 


Manufacturers of Special-Purpose Electron Tubes, YS 
nverters, Dynamotors and Fractional HP D.C, Motors AA : 
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Specifications 
Type 32E03-3 
(Conforms to USAF drawing 
53B6227 and AN-I-10b) 
Input DC 
Voltage Range 26 to 29 
Current Range 160 to 180 
Current at 27.5 volts ] 


Output AC 
Volts... 
Amperes 
Volt-Amperes 2 
Frequency-cps. 4 10 

Power Factor ag to .95 lead 
Efficiency 

200% load 

150% load 


WEIGHT: Approximately 62 pounds. 


MAXIMUM OVER-ALL DIMENSIONS: 
7%" wide x 11%” high x 17 


Single Phase 
115+4% 


%70 


g 
AMBIENT 

ALTITUDE TEMP. RANGE 
Sea Level 5°C to +85°C 
35,000 ft... . 55°€ to +40°C 
50,000 ft... . C to +20°C 


Type MG-54 
(Conforms to Navy drawing 
E-51A1A9 and MIL-1I-7032) 

Input DC 

Voltage Range... 26 to 29 
Current Range... 24.1 to 21.6 
Current at 27.5 volts 


Output AC Three Phase 
Volts 115/200+4% (115+ 
single phase) 
723 (2.17, 
gle phase) 
ingle phase, 
phase, or 
igle and three 
phase combined) 
Frequency-cycles/sec. 400+10 
Power Factor. . lag to .95 lead 
Watts at 0.8 PF lag 
Efficiency... 
200% load. . 
150% load 5 min 
WEIGHT: Approximately 17 pounds. 


MAXIMUM OVER-ALL DIMENSIONS: 
5%" wide x 8” high x 12” long 

AMBIENT 
ALTITUDE TEMP. RANGE 
Sea Level...... —55°C to +85°C 
50,000 ft... . 55°C to —10°C 
65,000 ft.. . 5°C to —10°C 


Amperes 


Volt-Amperes 


AVIA 
CORPORATION 


DIVISION OF 


West Coast Sales and Service: 117 E. Providencia, Burbank, Calif. 
Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 
Canadian Distributor: Aviation Electric Ltd., P.O. Box 6102, Montreal, P. Q. 
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perimental research sponsored by ONR 
and Woods Hole Oceanographic Insti 
tute on gust distribution and atmospheric 
turbulence. 


Errors of Temperature Measurements 
Caused by the Exhaust of Jet Aircraft. 
B.C. V. Oddie and W.H.Ireson. Meteoro 
logical Mag., Dec., 1953, p. 364. 

Homogeneous Nucleation of Super- 
cooled Water Drops. James E. Mc 
Donald. J. Meteorology, Dec., 1953, p 
416. 43 refs. ONR-sponsored research 
at lowa State College. 

Structure of Atmospheric Turbulence. 
Paul B. MacCready, Jr. J. Meteorology, 
Dec., 1953, p. 484. 34 refs. CIT ex 
perimental investigation; review of prob- 
lems. 

A Study of Vertical Velocities in the 
Vicinity of Jet Streams. Roy M. End 
lich. J. Meteorology, Dec., 1953, p. 407 
12 refs. 

A Test of the Relation Between Pre- 
cipitation and Synoptic Patterns at 200 
re" 300 Millibars. Sidney Teweles, J: 

Meteorology, Dec., 1958, p. 450. Analy 
sis of the method in terms of reliable for 
casting 


Military Aviation 


The Airpower Future. James H. Smith, 
ir. (Address, Air Force Assn Air powe? 
Symposium, 1953.) Ryan Reporter, Dec 
1, 19538, p. 1. Technological and de 
velopmental survey of aerodynamics, pro 
pulsion, and electronics as affecting th 
growth of naval aviation. 

From the ‘‘Military Flyer’? To Jets. 
Nathan F. Twining. Sperryscope, Fourth 
Quarter, 1953, p. 2. Developmental 
survey. 

Military Aviation: The First Half- 
Century. Robert Saundby. The Aer 
plane, Dec. 18, 1958, p. 882. 
mental and historical survey. 


Missiles 


Determination of the External Contour 
of a Body of Revolution with a Central 
Duct so as to Give Minimum Drag in 
Supersonic Flow, with Various Perimetral 
Conditions Imposed upon the Missile 


Develop 


Geometry. Carlo Ferrari. Cornell Aero 
Lab. Rep. AF-814-A-1, Mar., 1953. 66 
pp. 


Long Range Missile Testing. Air | 
Quart. Rev., Fall, 1958, p. 29. Survey of 
the USAF development and research pro 
gram. 

Rocket-Borne Servo Tracks the Sun. 
D. S. Stacey, G. A. Stith, R. A. Nidey, 
and W. B. Pietenpol. Electronics, Jan., 
1954, p. 149. Spectrograph in nose cone 
of Aerobee rocket continually aimed at sun 
by biaxial servo system, with detection of 
deviation by means of a balanced photo 
tube 


Navigation 


Cardinal Points in Correcting an Air- 
craft Compass; Some Practical Hints on 
Swinging. T. W. Newberry. Flight, 
Dec. 25, 1953, p. 848. 
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AVIATION PRODUCTS BULLETIN 
Write for Eastern Bulletin 310-F. 


Contains full specifications on 
Eastern units used on many leading 
commercial and military 


aircraft. 
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special 


equipment 


EASTERN PRESSURIZATION UNITS 


Meeting the requirements of designing and manufactur- 
ing pressurization units for ever-increasing altitudes has 
been an Eastern specialty. The knowledge and experience 
gained may be useful in solving an engineering or manu- 
facturing problem you may have. 


ELECTRONIC EQUIPMENT COOLING UNITS 


Designed to meet military and commercial requirements 
for radar and electronic tube cooling problems, these 
efficient units are rugged, compact, and light. If your 
problem is one of electronic equipment cooling or close 
control of operating temperatures, Eastern can design 
and build the entire unit to meet your specific needs. 


DEPENDABLE HYDRAULIC EQUIPMENT 
Eastern units are adaptable for cabin heating systems, 
servo units, hydraulic line service, and oil lubricating sys- 
tems that require small, lightweight pumps for pressure 
handling of oils, degreasing solvents, or gasoline. Various 
models are available to meet your capacity requirements. 


EASTE, 


c) 


INDUSTRIES, INC. 


296 ELM ST., NEW HAVEN, CONN. 
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“EXTRAS” ARE STANDARD 
WITH BOWSER 


Bowser test chambers have the engineered "extras" as standard 


equipment. Bowser engineers have designed their units with your 
needs in mind. 


Consider, for example, lights in the Bowser high altitude chamber 
shown above. They are swivel type for convenient operation .. . 
vapor proof and recessed in stainless steel to permit full utilization 
of test area. 

Performance characteristics of this Bowser chamber include: 
Temperature range from —100°F to 185°F. 

Altitude simulation up to 85,000 feet. 

Evacuation rate of 5000 F.P.M. 


With outside dimensions of 13° 2" wide x 
11° 2" high x 16° 6" long, this standard 
model chamber has an interior working 
area of 10' x 10° x 8’ high. Door is 5' wide 
x 8' high, its window 30" x 30", and wall 
window 36" x 36". 


Whatever your needs in environmental test 
chamber equipment . . . high altitude, hu- 
midity, sand and dust, explosion, non- 
magnetic, etc. . . . check with Bowser, the 
pioneer. 


TECHNICAL REFRIGERATION 


DIVISION BOWSER, INC TERRYVILLE CONNECTICUT 
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Impact of Military Developments on 
Future Navigation. John M. Wuerth 
Navigation, Dec., 1953, p. 368. Review 
of salient control and other problems. 


Noise Reduction 


Free Field Measurements of Sound 
Radiated by Subsonic Air Jets. Robert 
Lee. U.S., Navy Dept., David W. Taylor 
Model Basin, Rep. 868, Dec., 1953. 15 
pp. 14 refs. 

Noise Reduction in Machinery. James 
E. Ancell. Prod. Eng., Dec., 1953, p 
172. Analysis of the effectiveness of 
vibration isolation, operational character- 
istics, and acoustical absorption and insu 
lation. 


Photography 


The Five Facets of Aerial Photography. 
Donald J. Belcher. Photogrammetric 
Eng., Dec., 1953, p. 746. Problems of 
analysis and interpretation. 


Physics 


Adsorption. B. L. Harris. Ind. & 
Eng. Chem., Jan., 1954, p. 64. 431 refs. 
Review of the literature; applications. 

Absorption and Humidification. Max 
Leva. Ind. & Eng. Chem., Jan., 1954, p 
61. 45 refs. Review of the literature 

Analogy Among Heat, Mass, and 
Momentum Transfer; Demonstrated by 
Descriptive Dimensional Analysis. Rich 
ard F. Kayser. Ind. & Eng. Chem., Dec., 
1953, p. 2634. 

Gaseous Unimolecular Reactions: 
Theory of the Effects of Pressure and of 
Vibrational Degeneracy. N. B. Slater 
Philos. Trans. Royal Soc. (London), Ser. 
A, June 18, 1953, p. 57. 15 refs. 

The Growth of the High-Frequency 
Electrodeless Discharge. G. Francis and 
A. von Engel. Philos. Trans. Royal So 
(London), Ser. A, July 9, 1953, p. 148 
23 refs. 

Shapes of Floating Liquid Zones be- 
tween Solid Rods. P. H. Keck, M. 
Green, and M. L. Polk. J. Appl. Phys., 
Dec., 1953, p. 1479. Theoretical and 
experimental determination of the shapes 
based on the Laplace equation: 


p = y[(1/Ri) + (1/R2)] 


Some Experiments on Positive Point-to- 
Plane Corona and Spark Breakdown of 
Compressed Gases. Thomas R. Foord. 
(IEE Measurements Sect. Paper 1568.) 
Proc. IEE, Part II, Dec., 19538, p. 585 
17 refs. 

Theory of the Formation of Bubbles. 
Shunsuke Takagi. J. Appl. Phys., Dec., 
1953, p. 1453. 19 refs. Theoretical 
systematization of the Volmer and the 
Turnbull-Fisher theories in the case where 
the bubbles of vapor are nucleated spon 
taneously in pure liquid. 

Variational Methods for Problems in 
Resistance. J. F. Carlson and T. J. 
Hendrickson. J. Appl. Phys., Dec., 
1953, p. 1462. 
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Engineered for 
£xtreme 


jficiency 


AN- 
Environment Resistant 
Bendix Electrical Connecto 


The challenge to protect sensitive air- 
borne electronic circuits from thermal 
shock, surface condensation and ex- 
treme vibration has been successfully 
met by Bendix engineers in this new 
spaced grommet “E” connector. 

This connector is not only designed 
for performance, but is also engineered 
for your production needs. The open 


ample room for all assembly and solder- 
ing operations. Moisture-proofing 
accomplished without the use of potting 
compounds, permitting completely serv- 
iceable aircraft harness installations. 

These features are all accomplished 
with no appreciable increase in weight 
over an AN-A/B connector with a 
cable clamp. 
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space in the solder-well area provides Complete information on request. 


| SCINTILLA DIVISION of Bendix 


NEW YORK 


VELBESTOS 


he 


AERONAUTICAL 

ENGINEERING 

REVIEW 

Announces its 
4th Annual 
SPECIAL ISSUE 


GASKETS 


are important in an aircraft engine. 
Our VELBESTOS 170-1 conforms to 


AERO SPECIFICATIONS 
ie AMS 3232F, AN-G-171, MIL-G-7021 and 33-P-22C 


Samples furnished for experimental purposes. 


THE VELLUMOID COMPANY 


WORCESTER 6, MASS. 


on 
ELECTRONICS 
IN AVIATION 


May, 1954 Issue 


ORDER ADVERTISING SPACE NOW! 


FORMS CLOSE APRIL 1ST 


Write, Wire or Phone for detailed 


| 
| information and booklet, ‘‘Your Avia- 
and of benefit to the Institute if you mention that you saw it | tion Market.”’ 


7 


When you write to manufacturers whose advertising appears 


in the 


Aeronautical Engineering Review, 


it will be of interest to the companies 


in the 


: Aeronautical Engineering Review 
Aeronautical Engineering Review 


2 East 64th St., New York 21, N.Y. 
TEmpleton 8-3800 
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Power Plants 


Jet & Turbine 


. . . How Solar Pioneered the After- 
burner. Solar Blast, Dec., 1958, p. 4. 
Evaluation of design, operational, and 
manufacturing problems. 

Jet Progress in Twelve Years; cutaway 
drawings. The Aeroplane, Dec. 18, 1953, 
p. 8380. 

The Plessey Turbo-Starter; T.S.C. 50 
Mk. 3. The Plessey Co. Ltd. J. SLAE, 
Nov., 1953, p. 2, cutaway drawing. 
Descriptive details, maintenance factors. 

Pressure Fluctuations in a Jet Engine. 
H. M. Nicholson and A. Radcliffe. Brit. 
J. Appl. Phys., Dec., 19538, p. 359. 
NGTE test conditions; description of 
recording equipment and technique; analy- 
sis of the pressure record. 

Pressure Ratios for Aero-Engines; A 
Note on the Factors Limiting the Choice 
of Pressure Ratio. J. M. Stephenson. 
Aircraft Eng., Dec., 1953, p. 371. 

Single Degree of Freedom Flutter of 
Compressor Blades in Separated Flow. 
Jan R. Schnittger. J. Aero. Sci., Jan., 
1954, p. 27. Theoretical and experi- 
mental investigation at the MIT Gas 
Turbine Lab. 

Use of Electric Analogs for Calculation 
of Temperature Distribution of Cooled 
Turbine Blades. Herman H. Ellerbrock, 
Jr., Eugene F. Schum, and Alfred J. 


Nachtigall. U.S., NACA TN 3060, Dec. 
1953. 116 pp. 28 refs. 
Reciprocating 


Fifty Years of Piston Engines; cutaway 
drawings. J. H. Clark. The Aeroplane, 
Dec. 18, 1953, p. 828. 

Recollections of Some Early Engines. 
W.0O. Manning. The Aeroplane, Dec. 18, 
1953, p. 822. 


Rocket 


L’Ecoulement dans les Orifices d’In- 
jection; Application aux Moteurs-Fusées 
(Flow Through Nozzle Orifices; Applica- 
tion to Rocket Motors). R. Kling and R. 
Leboeuf. La Recherche Aéronautique, 
Sept.-Oct., 19538, p. 35. In French. 
(Also, abridged in English, in Engr. Dig., 
Dec., 1953, p. 460.) Analysis of char- 
acteristics of flow through orifices as part 
of an investigation into moisture forma- 
tion in combustion chambers. 

Range Comparison of Rocket Powered 
Aircraft. Ralph W. Allen. Aero Dig., 
Dec., 1953, p. 30. Analytical evaluation 
of characteristics and potentialities of 
rocket motors and propulsion. 

Rockets Behind the Iron Curtain. 
George P. Sutton. Auto. Ind., Jan. 1, 
1954, p. 68. Survey of Soviet develop- 
ment of engines, auxiliaries, and com- 
ponents. 


Production 


Airframe Assembly-Fixtures; A French 
Approach to the Problems of Main-Com- 
ponent Tooling. S. Golbert. Aircraft 
Prod., Dec., 1953, p. 462. SNCASE 
constructional system. 

Britannia Undercarriage. II—Manu- 
facture of the Nose Wheel Unit of the 
British Meissier Undercarriage by Rotol 
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Ltd.; Machining Operations on the Main 
Details. Aircraft Prod., Dec., 1953, p. 
451. Includes design and structural draw- 
ings. 

Landing-Gear Manufacture; Post-war 
Developments in Materials and Processes 
in the United States. G. E. Beringer 
Aircraft Prod., Jan., 1954, p. 34. 

The Second Aircraft Production Con- 
ference Held at Southampton University. 
I—The Trend of Design. D. Keith- 
Lucas. II—Production Problems. S. P. 
Woodley and G. H. Dowty. Aircraft 
Prod., Jan., 1953, p. 14. Abridged. 

Some Problems in The Development of 
a 50,000 Ton Press. H. C. Hood 
Steel Processing, Dec., 1953, p. 642. The 
Loewy equipment for the USAF Heavy 
Press Program. 


Metalworking 


Clad Metals and Clad Metal Processing. 
Walter L. Keene. Steel Processing, Dec., 
1953, p. 647. Principles of bonding and 
cladding methods 

Nitriding Critical Steel Parts. Ralph 
Spagnola. Materials & Methods, Dec., 
1953, p. 96. Ford Instrument Co. pro- 
cedure in the fabrication of helicopter 
transmission parts 

Preparation and Casting of Metals and 
Alloys Under High Vacuum. J. D. Fast, 
A. I. Luteijn, and E. Overbosch. Philips 
Tech. Rev., Oct., 1953, p. 114. 

Sinews for the Stratojets. S. G 
Andrews and H. H. Smith. Jnstrumen- 
tation, Fourth Quarter, 1953, p. 4. _Lock- 
heed heat-treating operations to increase 
tensile strength and corrosion resistance 
of aluminum-alloy B-47 
manufacture. 

Bending Structural Sections; A Review 
of the Various Techniques for Forming the 
High-Strength Aluminium-Alloys.  K. 
Gunn and D. F. Michell. Aircraft Prod., 
Dec., 1953, p. 444 

Drop Forging. Ralph H. 
Tool Engr., Jan., 1954, p. 73. Processes; 
equipment; material requirements; die 
design ; cost and other factors. 

Machining Integrally Stiffened Struc- 


parts used in 


Eshelman. 


tures. J.C. Borger. Mech. Eng., Nov., 
1953, p. 871. Lockheed Aircraft Corp. 
methods. 


Magnesium Castings. P. E. Moluf. 
Elec. Mfg., Dec., 1953, p. 98. Review of 
properties, fabrication methods, and ap- 
plications. 

Magnesium Forming. 
Brake and MHydropress. Francis L. 
Coenen. Tool Engr., Jan., 1954, p. 65. 

Metal Spinning, Its Implications and 


III—In the 


Applications. Lester F. Spencer. Steel 
Processing, Dec., 1953, p. 631. 

Tolerances in Drop Forging. Otto 
Kienzle. Steel Processing, Dec., 1953, p. 


654. 

Copper and Silver Brazing Simplify 
Joining of Complicated Parts. L. F. 
Klein. Materials & Methods, Dec., 1953, 
p. 108. 

The Determination of Droplet Size in 
Arc Welding by High-Speed Cinematog- 
raphy. P.C. van der Willigen and L. F. 
Defize. Philips Tech. Rev., Oct., 1953, 
p. 122. 

Effect of Nitrogen and Carbon Dioxide 
Atmospheres on Arc Welding. F. W. 
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Sowa, W. C. Truckenmiller, and L. E 
Wagner. Welding J. Res. Suppl., Dec., 
1953, p. 619-s. 

Inert-Tungsten Arc Welding of Stain- 
less Steel Piping. F. J. Pilia. Welding 
J., Dec., 1953, p. 1167. 

Low-Temperature Bend Test Properties 
of Bead-on-Plate Welds. L. A. Harris, 
R. B. Matthiesen, and N. M. Newmark 
Welding J. Res. Suppl., Dec., 1953, p 
585-s. 

Repair Welding of Ceramic-Coated 
Alloys. J. M. Riordan. Welding J., 
Dec., 1160. Analytical tests 
and procedures for high-temperature ma 
terials used in aircraft engines. 

Sheet-Metal Welding. III—Applica- 
tion of the Pantograph Principle to the 
Argon-Arc Welding of Gas-Turbine As- 
semblies. Aircraft Prod., Dec., 1953, p 
470. Mechanized techniques developed 
by the Rodney Works of the Bristol Aero 
plane Co. Ltd. 

Spot Welding of Aluminum, Aluminum 
Alloys and Steel. W. J. Wilson. Weld 
ing J., Dec., 1953, p. 1175. Force, time, 
and current factors in tests and tech 
niques. 

Stabilizing Austenitic Chrome-Nickel 
Weld Metal Against Intergranular Cor- 
rosion. Hallock C. Campbell. Weld 
ing J. Res. Suppl., Dec., 1958, p. 577-s 

Tension, Shear and Impact Strengths of 
Spot-Welded Titanium Joints. M. L 
Begeman, E. H. Block, Jr., and Frank \ 
McBee, Jr. Welding J. Res. Suppl. 
Dec., 1953, p. 599-s. 13 refs. 

Welded Steel Tubing in Heavy Equip- 
ment. Rex Cleveland. Prod. Eng., Jan., 
1954, p. 186. Manufacturing techniques; 
selection factors; applications. 


1953, p. 


Production Engineering 

Adam Couldn’t Fly. George H. Prud 
den. Mech. Eng., Nov., 1953, p. 896 
Cost and quality-control experience in the 
aircraft industry. 

Mathematics Necessary for Quality 


Control in Mass Production. Mario 
Parran. GM Eng. J., Nov.-Dec., 1953, 
p. 22. The role of statistical methods 


Production Development; Design and 
Production; Some Recent Process De- 
velopments. W. A. Sales. 
Prod., Dec., 1953, p. 478. 

The Production Engineering Depart- 
ment. A. O. Mattocks. Saro Prog., 
Autumn, 1953, p. 6. Organizational 
principles, objectives, and planning needs 

Quality Control in Spot Welding Alu- 
minum. Floyd H. Matthews. Welding 
J., Dec., 1958, p. 1181. Boeing Airplane 
Co. experience. 

Unproductivity; New Hope for the 
Aircraft Industry: the Case for Effi- 
cient Manpower-Usage. Phisbee Z. Mc 
Gillicuddy. Flight, Dec. 25, 1953, p. 831 


Aircraft 


Rotating Wing Aircraft 


A Discussion of Translational Lift. 
Noah C. New and T. L. Wernecke. Am. 
Helicopter, Dec., 1953, p. 6. 

Helicopter Utilization. Lawrence D 
Bell, E. H. Pickering, and others. Flight 
Mag., Dec., 1958, p. 20. A _ 17-page 
operational and developmental review of 
potentialities for service. 
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POSITION AND RATE GYRO 


Summers new PAR Gyro ends guidance headaches. Complicated 
automatic pilots are no longer necessary. Heretofore, position 
and rate signals were obtained by a position gyro and a separate 
rate unit, respectively, then algebraically added by a third unit 
Summers integrating PAR Gyro provides position plus rate on a 
single pickoff. Possessing but one degree of freedom it avoids 
the complexity and limitations of multi-gimbal gyros. Unlimited 
maneuvering may be called for by applying an appropriate com 

1 voltage directly to the Summers single-gimbal PAR Gyro 
Drift rates are in the order of 0.1 degree per minute 


Both weight and cost of the PAR.Gyro are about one-fourth 
of the weight and cost of the apparatus it obsoletes. 


Write for details on the PAR Gyro. or for information on Summers’ 
facilities for developing and producing components and systems. 


SUMMERS 


REPRESENTATIVES: 
\ G Y R O = Cc O P E H. A. Webb, 34 Mann Street, Fairborn, Ohio 


W. A. Laukaitis, Suite 724, Cafritz Building, 
Cc oo M P A N Y 1625 Eye Street N.W., Washington, D.C. 
George E. Harris & Co., Inc., 
2328 BROADWAY © SANTA MONICA, CALIFORNIA 1734 No. Hillside, Wichita, Kansas 


SUMMERS DESIGNS AND PRODUCES ALL WEATHER AUTOPILOTS * RATE GYROS * FREE GYROS * VERTICAL GYROS * TORQUE-TYPE ACTUATORS * POSITIONING-TYPE ACTUATORS * GYRO SERVO 
ACTUATORS * INTEGRATING MOTORS * ALTITUDE CONTROLS * MAGNETIC AMPLIFIERS * FLIGHT TEST TABLES * INVERTERS * PENDULUM POTENTIOMETERS * RATE INTEGRATING DETECTORS * FREQUENCY 
DOUBLERS * MAGNETIC FRICTION CLUTCHES * CONTROL AMPLIFIERS * CONTROL SYSTEM TEST EQUIPMENT * SPECIAL CONTROL SYSTEM COMPONENTS * COMPLETE CONTROL SYSTEMS * RADIO RECEIVERS * 
RADIO TRANSMITTERS * FLIGHT COMPUTERS * CONTROL SYSTEM ANALYSIS SERVICE * ANALOG SIMULATION AND SERVICE * SUMMERS DESIGNS, DEVELOPS AND PRODUCES INSTRUMENTS IN ANY QUANTITY 
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New “Universal Series’’ Gyro is 
available in Free, Directional and 
Vertical types, and in composite Gyro 
sets for sensitivity in three planes. 


Features fast, remote caging that posi- 
tively locks the gimbals in their normal 
erected position; remote uncaging; 
torque-motor erection; and unrestricted 
360° rotation of both gimbals. AC or DC 
rotors, and synchro or potentiometer out- 
puts are optional. Reduced drift rate, 
greater life expectancy, and improved 
resistance to environmental shock, 
acceleration and vibration are incorpo- 
rated in a 4” dia. x 5” unit. Write for 
complete engineering information. 


GYRO SETS 
AIRBORNE INSTRUMENT DIVISION 


G. M. GIANNINI & CO., INC. 
PASADENA 1, CALIF. * EAST ORANGE, N. J. 


€ @ 
/ Giannini 


The Induced Velocity Field of a Rotor. 
K. W. Mangler and H. B. Squire. Gt. 


Brit. ARC R&M 2642 (May, 1950), 
1953. 16 pp. BIS, New York. $1.25 


Theoretical investigation, with computa- 
tions based on the assumptions that the 
rotor is lightly loaded and that it has an 
infinite number of blades 

One-Dimensional, Compressible, Vis- 
cous Flow Relations Applicable to Flow 
in a Ducted Helicopter Blade. John R. 
Henry. U.S., NACA TN 3089, Dec., 
1953. 16 pp. Investigation on ap- 
plicability of jet power-plant configura- 
tions. 

Piasecki H-21. Aero Dig., Dec., 1953, 
p. 22, cutaway drawing. Analysis of the 
“Flying Banana”’ design; structural and 
operational details; summary table of 
other Piasecki models 

Seventh Annual Review of Rotary 
Wing Aircraft. Am. Helicopter, Dec., 
1953, p. 11. Brief descriptions of 45 dif- 
ferent designs, giving specifications, char- 
acteristics, and performance data. 


Safety 


A Burner and Test Bench for Evaluating 
Aircraft Fire and Heat Detectors. J. J. 
Gassmann. U.S.,CAA TDR 217, Sept., 
1953. 8 pp. 

The Maintenance of Aircraft Fuselage 
Fire Protection Equipment. II. R. W. 
J. Cockram. J. SLAE, Nov., 1953, p. 8. 
Details of an automatic smoke detection 
and fire control system 


Space Travel 


Navigational Calculations in Space 
Flight (Investigation of the Effect of the 
Precision of Astronomical Data). III 
Satellite Gravitational Fields, Orbital 
Velocities, and Elements of Orbits. H 
B. Ketchum. J. Space Flight, Dec., 
1953, p. 1. 


Structures 


Finite Plane Strain. J. E. Adkins, A. 
E. Green, and R. T. Shield. Philos. 
Trans. Royal Soc. (London), Ser. A, Oct 
29, 1953, p. 181. 22 refs. Analyses in- 
clude exact solutions and approximation 
methods. 

Integral Experiment; Short Brothers’ 
Spar-box Project. K.L.C. Legg. (RAeS 
Sect. Lecture, Dec. 1, 1953.) Flight, Dec. 
18, 1953, p. 807. Abridged 

Investigation of Sandwich Construction 
Under Lateral and Axial Loads. Wilhel- 
mina D. Kroll, Leonard Mordfin, and 
William A. Garland U.S., NACA TN 
3090, Dec., 1953. 58 pp. Tests on 12 
bonded sandwich panels with simply sup- 
ported loaded edges and free unloaded 
edges, based on work of Hoff and Mautner 
in determining buckling loads of sand- 
wich columns. 

Lower and Upper Bounds to the Ulti- 
mate Loads of Buckled Redundant 
Trusses. E. F. Masur. Quart. Appl 
Math., Jan., 1954, p. 385 

A New Era in Structural Analysis. 
E. E. Sechler. Apt Mech. Rev., Jan., 
1954, p. 1. Survey of problems and ad- 
vances. 
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Airline Passenger Insurance 


Annual Policies 
from $5,000 to $100,000 


at new low rates 
No Physical Examination « No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $27.50 per year 


Backed by the 
Combined Assets of 
Aetna Casualty & Surety Co. 
American Employers’ 
Insurance Co. 
American Surety Co. of N. Y. 


Policies cover 
passengers on 
scheduled airlines 


WORLD-WIDE 


Century Indemnity Company 
The Employers’ Liability 
Assurance Corp., Ltd. 
your Hartford Accident & 
Indemnity Co. 
Maryland Casualty Co. « 
Massachusetts Bonding & 
Insurance Co. 
New Amsterdam Casyalty Co 
Standard Accident Insurance Co, 
Travelers Insurance Co. 
United States Casualty Co. 
United States Fidelity & 
Guaranty Co. 


Write or phone 


Insurance Agent 


UNITED STATES AVIATION UNDERWRITERS 


INCORPORATED 


80 JOHN ST. « NEW YORK 38, N. Y. 
ATLANTA « CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 


For 


MISSILE PROPULSION 
SYSTEMS 


we need 


MECHANICAL DESIGNERS 
STRESS ANALYSTS 
VIBRATION ANALYSTS 
DESIGN DRAFTSMEN 


with background in gas tur- 
bines particularly desirable. 


For 


GUN DEVELOPMENT 


we need 
RESEARCH ENGINEERS 


with extensive experience in interior 
ballistics at the Project Engineer level, 
and interest in the design of novel 


ordnance devices. 


OPPORTUNITY 


for personal growth with a rapidly ex- 
panding company under attractive work- 
ing conditions and unusually liberal em- 
ployee benefits. All inquiries will be 


treated confidentially. 


EXPERIMENT INCORPORATED 


Richmond 2, Virginia 


E 
t 


oe | | 
“UNIVERSAL SERIES” 
| Mi 
— 
= 
~ | 


Career-chance of a lifetime 


AERO- | 
DYNAMICISTS 


for Lockheed’s expanding 


Missile Systems Division 

@ Recently formed from other Lockheed | 
Engineering organizations to prepare for 
the era of automatic flight, the Missile 
Systems Division deals exclusively with 
missiles and their component systems. 


@ Its expansion is creating “ground-floor” 
openings for Aerodynamicists experienced 
in any or all of the following fields: 


super-sonic aerodynamics 
stability, control, 

or performance analysis 
dynamics of free bodies 


@ In addition to outstanding career opportuni- 
ties, the Lockheed Missile Systems Division 
offers you high salaries, commensurate 
with your experience, generous travel 
and moving allowances, and a better life for 
you and your family in Southern California. 


Address inquiries to L. R. Osgood, 

Dent. AER-M-3, Lockheed Missile Systems 
Division, 7701 Woodley Avenue, 

Van Nuys, California 


LOCKHEED 


MISSILE SYSTEMS 
DIVISION 
VAN NUYS, CALIFORNIA | 


AERONAUTICAL REVIEWS 


Note on the General Stress-Strain Rela- 
tions of Some Ideal Bodies Showing the 
Phenomena of Creep and of Relaxation. 
J. P. Benthem. Netherlands, NLL Rep. 
S.426 (Rep. & Trans.), 1958. 24 pp. 
Includes extension of the theory of the 
Kelvin-Solid and Maxwell-Liquid to gen- 
eral linear bodies. 

Post Buckling Behaviour of Long Square 
Boxes under Torsion. B. H. Falconer. 
The Engr., Nov. 27, 1953, p. 690. 11 refs. 
Theoretical analysis of the nonlinear be- 
havior in torsion of long, uniformly thin- 
walled, unstiffened boxes of square cross 
section, taking into account the strain 
energies of stretching and bending of the 
wall plating associated with an assumed 
mode of buckling. 

Relaxation Methods: 
Richard Southwell. The Engr., Nov. 27, 
1953, p. 706. Abridged. Application 
to structural analysis; evaluation of the 
relaxation process compared with Lieb- 
mann’s method; the relation of digital 
computation. 


Strength, Safety and Economical Di- 
mensions of Structures. Arne I. John- 
son. Stockholm, KTH IBS Meddelanden 
Nr. 12, 1953. 159 pp. 54 refs. Theo- 
retical and experimental study of the 
problem of determining the appropriate 
and economical designs and dimensions of 
structures, taking into account the un- 
certainties of quantities influencing these 
designs, with an analysis of the effects 
produced by the volume and stress distri- 
bution on the strength of structures. 


Transverse Impact on Beams and 
Plates. A.C. Eringen. J. Appl. Mech., 
Dec., 1953, p. 461. 17 refs. ONR- 
sponsored investigation; formulation of 
the problem of noncentral impact on 
beams and plates having general edge 
conditions. 

Improved Sailplane-Wing ; Use of Wood 
Construction in a Smooth-Surface Aero- 
foil Section with Laminar-Flow Character- 
istics. T. A. Brown. Aircraft Prod., 
Jan., 1954, p. 32. 

Transient Thermal Stresses in Wings; 
An Assessment of the Stresses in a Cellu- 
lar Wing Structure Which Undergoes a 
Change of Temperature. E. W. Parkes. 
Aircraft Eng., Dec., 1953, p. 373. 


Retrospect. 


Bars & Rods 


Elastic Waves Created During Tensile 
Fracture. J. D. Campbell. J. Appl. 
Mech., Dec., 1953, p. 583. 18 refs. 
Analysis of flexural waves in a uniform 
rod. 

Measurements of Torsional Stiffness 
Changes and Instability Due to Tension, 
Compression, and Bending. H. L. Engel 
and J. N. Goodier. J. Appl. Mech., 
Dec., 1953, p. 553. 11 refs. Verification 
of theoretically predicted effects, for 
uniform bars of thin-walled open section, 
with analysis of related modes of buckling 
and types of nonlinear behavior in torsion. 

Plastic Flow in a Deeply Notched Bar 
with Semi-Circular Root. Alexander J. 


Wang. Quart. Appl. Math., Jan., 1954, 
p. 427. 

The Torsion and Stretching of Spiral 
Rods. II. H. Okubo. Quart. Appl. 


Math., Jan., 1954, p. 488. 
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DESIGN 
FOR 
FLYING 


BOAT 


WITH 
VACUUM- 


LIFT 


., 1670 


Francesco Lana 


Quite a change in avia- 


tion concepts since 1670! And 
with changes came a need 
for greater drafting preci- 
sion. In the 300 years since 
Staedtler pencils were first 
produced, J. S. Staedtler 


has made constant im- 9% 
provements in pencil de- 9 
sign and manufacture to #) 
keep pace with this 
need. Today, the Mars- 


Lumograph is Amer- 


drawing pencil; in the 


combination of the 
new 1001 Mars 
Technico push- 
button lead holder 


Lumograph im- 
ported drawing 


The 2886 Mars- 
Lumograph draw- 
ing pencil gives 
you precise thick- 
ness and the black- 
ness of line needed 
for crisper, cleaner 
prints. Perfectly 
graded in 19 de- 
grees; EXEXB to 9H. 
$1.50 per dozen—less 
in quantity. 

The 1001 Technico 
Mars-Lumograph push- 
button lead holder costs 
no more than ordinary 
holders, has a noiseless, 
smooth-working, low- 
friction clutch mechanism, 
lightweight wood construc- 
tion with perfect balance 
and, built into the push-button 
cop, o unique lead sharp- 
ener. $1.50 each—less in 
quantity. 

1904 Mars-Lumograph Im- 
ported Drawing Leads are so 
opaque that inking-in is not 
necessary. Leods are ribbed for 
firm clutch grip and eoch hes 
a removable cap which prevents 
sliding from holder. Available in 
18 degrees; EXB to. 9H. $1.20 per 
dozen—less in quantity. 


J.S. STAEDTLER INC. 


31 DICAROLIS COURT 
HACKENSACK, NEW JERSEY 
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452 


451 


449 


447 


446 
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Preprints of 22nd Annual Meeting Papers Currently Available 


ANDB’s Program for the Development of 
an Air Traffic Control System—D. K 
Martin 


The Role to Be Played by Training De- 
vices in the Training of Aviation Per- 


sonnel|—Edmund O. Carmody. 


The Operational Application of Auto 
matic Pilots—F. S. Bonney. 


The Story of Shimmy—William J. More 
land 


Airplane Design in Relation to Safety 
R. W. Rummel. 


Management's Economic Interest in Safety 
Carl M. Christenson. 


Military Personnel Training Require- 
ments—Brig. Gen. G. F. Schlatter. 


The Local Service Air Carrier Design 
Requirements for the Transport Heli 
copter—Capt. Byron A. Moe 


Aerodynamics of Blasts: Diffraction of 
Blast Around Finite Corners—H. F 
Ludloff and M. B. Friedman. 


General Design Aspects of Flight Re 
fueling—Lt. Col. Walter P. Maier 
sperger 


Current Methods and Future Needs in 
Selecting Aviation Personnel—Jack 
W. Dunlap. 


On the Wake and Drag of Blu Bodies 
Anatol Roshko 


Experimental Investigation of Turbulent 

Boundary Layers in Hypersonic Flow 

R. Kenneth Lobb, Eva M. Winkler 
and Jerome Persh 


Development Problems of the Large 
Helicopter—L. L. Douglas. 


Some Applications of Generalized Har 
monic Analysis to Gust Loads on Air- 
planes—Harry Press and John C 
Houbolt. 


The Estimation of Normal-Force, Drag, 
and Pitching-Moment Coefficients for 
Blunt-Based Bodies of Revolution at 
Large Angles of Attack—Howard R 
Kelly 


Economic Considerations of the Trans- 
port Helicopter—James B. Edwards. 


Some Considerations on the Air Forces 
on a Wing Oscillating Between Two 
Walls for Subsonic Compressible 
Flow—Donald S. Woolston and 
Harry L. Runyan 


Application of Sailplane Performance 
Analysis to Airplanes—August Ras- 
pet. 


IAS Preprints 


Member 


Price 


$0.65 


0.50 


0.35 


0.65 


0.35 


0.50 


0.35 


0.59 


0.50 


0.50 


0.50 


0.50 


0.35 


0.35 


Nonmember 


Price 


$1.00 


0.85 


0.85 


0.85 


0.85 


443 


442 


441 


440 


439 


438 


437 


436 


435 


434 


432 


431 


430 


429 


427 


Personnel Training Required to Produce 
Large Quantities of High-Performance 
Aircraft—Leverett P. Wenk. 


Analysis of Flutter. in Compressible Flow 
of a Panel on Many Supports—John 
M. Hedgepeth, Bernard Budiansky, 
and Robert W. Leonard. 


A Theoretical Investigation of the Oscil- 
lating Control Surface Frequency Re- 
sponse Technique of Flight Flutter 
Testing—R. A. Pepping 


The Seperation of a Supersonic Turbulent 
Boundary Layer—Seymour M. Bog- 
donoff and C. Edward Kepler 


A Method for Estimating Wing Weights 
Abraham Hyatt 


Three-Dimensional Laminar Boundary 
Layer with Small Crossflow—Artur 
Mager 


Transition-Point Fluctuations in Super- 
sonic Flow—John C. Evvard, Maurice 
Tucker, and Warren C: Burgess, Jr 


Effect of Leading Edge Separation on the 


Lift of a Delta Wing—C. E. Brown and 
W.H. Michael, Jr 

Design of the Transport Helicopter 
David E. Postle 

An Approach to the Buffeting of Air- 
craft Structures by Jets—John W 


Miles. 


Pseudo-Transonic Similitude and First- 
Order Wave Structure 
Hayes. 


Generalized Aerodynamic Forces on the 
Delta Wing with Supersonic Leading 
Edges—J. Walsh, G. Zartarian, and 
H. M. Voss 


Secondary Flows in Cascades of Twisted 
Blades—Fredric F. Ehrich 


Prediction of Ultimate Strength of Skin- 
Stringer Panels from Load-Shortening 
Curves—Norris F. Dow and Roger A 
Anderson 


Determination of Loads in the Presence 
of Thermal Stresses—Samuel Levy 


On Inelastic Thermal Stresses in Flight 
Structures—Alfred M. Freudenthal 


Strength Under Combined Tension and 
Bending in the Plastic Range—J. M. 
Frankland and R. E. Roach 


On the Concept of Stability of Inelastic 
Systems—D. C. Drucker and E. T 
Onat. 


Preprints should be ordered by number from: 


Preprint Department, Institute of the Aeronautical Sciences 


2 East 64th Street, New York 21, N.Y. 


Wallace D. 


N 
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0.35 0.75 
0.50 0.85 
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0.50 0.85 
0.50 0.85 
0.50 0.85 
0.50 0.85 
0.50 0.85 
0.50 0.85 
0.35 0.75 
0.35 0.75 
0.50 0.85 
0.35 0.75 
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the 

fourth 
dimension 
0 
business 


Here, at the Scintilla Division of Bendix, the word SERVICE is much more than SCINTILLA 
the name of a department. It is a vitally important part of our over-all opera- 


tions. Together with Research, Engineering and Manufacturing—Service might DIVISION 
well be termed the fourth dimension of our business. 

To implement this policy of following through to see that every customer gets 
the full performance built into each product, the Scintilla Division has a world- 
wide service organization backed up by factory-trained service men strategically 


located to meet service emergencies. Bendix 


OF 


Service data, covering installation, operation and repairs as well as adequate AVIATION CORPORATION 
distribution of parts, makes up a complete service program. - 
Just another reason why the name Bendix has become “The Most Trusted SIDNEY, NEW YORK 


Name in Ignition.” 


Low and high tension ignition systems for piston, jet, turbo-jet engines and rocket 


motors . . . ignition analyzers . . . radio shielding harness and noise filters . . . 
Cendix PRODUCTS 


switches... booster coils . . . electrical connectors. 


Export Sales: Bendix International Division, 205 East 42nd St., New York 17, N. Y. 


FACTORY BRANCH OFFICES: 117 E. Providencia Avenue, Burbank, California e Brouwer Building, 176 W. Wisconsin Avenue, Milwaukee, Wisconsin 
Stephenson Building, 6560 Cass Avenue, Detroit 2, Michigan e 512 West Avenue, Jenkintown, Pennsylvania e 582 Market Street, San Francisco 4, California 
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Beams & Columns 


Analog Solution for Beams Excited by 
an Arbitrary Force. W.T. Thomson and 
T. A. Rogers. J. Appl. Mech., Dec., 
1953, p. 482. 

Concentrated Radial Loads on Fiat 
Curved Beams. J. N. Goodier and J. C. 
Wilhoit, Jr. J. Appl. Mech., Dec., 1953, 
p. 568. Includes 10 diagrams. 

Dynamic Load Characteristics in 
Plastic Bending of Beams. P. S. 
Symonds. J. Appl. Mech., Dec., 1953, 
p. 475. Analysis of large plastic de- 
formations of beams subjected to trans- 
verse dynamic loads. 

Flexural Vibrations in Uniform Beams 
According to the Timoshenko Theory. 
R. A. Anderson. J. Appl. Mech., Dec., 
1953, p. 504. 

Flexural Wave Solutions of Coupled 
Equations Representing the More Exact 
Theory of Bending. Julius Miklowitz. 
J. Appl. Mech., Dec., 1958, p. 511. 10 
refs. NOTS-supported research on the 
propagation of flexural waves in beam de- 
flections. 

Limit Design of Columns. Paul C. 
Paris. J. Aero. Sci., Jan., 1954, p. 48. 
Determination of an approximate load- 
axial deformation relationship for pin- 
jointed columns. 


Cylinders & Shells 


Buckling of Multiple-Bay Ring-Rein- 
forced Cylindrical Shells Subject to Hy- 
drostatic Pressure. W. A. Nash. J. 
Appl. Mech., Dec., 1953, p. 469. 20 refs. 

The Effect of Strain Hardening in an 
Annular Slab. P.G. Hodge, Jr. J. Appl. 
Mech., Dec., 1958, p. 530. 

Line Load Applied Along Generators of 
Thin-Walled Circular Cylindrical Shells of 
Finite Length. N. J. Hoff, Joseph 
Kempner, and Frederick V. Pohle. Quart. 
Appl. Math., Jan., 1954, p. 411. 14 refs. 

On Finite Twisting and Bending of 
Circular Ring Sector Plates and Shallow 
Helicoidal Shells. Eric Reissner. Quart. 
Appl. Math., Jan., 1954, p. 473. ONR- 
sponsored studies at MIT. 

On Reinforced Circular Cutouts. E. 
Levin. J. Appl. Mech., Dec., 1953, p. 
546. ONR-sponsored studies at Brown 
University; extension of results of Weiss, 
Prager, and Hodge for a cylindrical rein- 
forcement to a reinforcement of arbitrary 
shape. 

On Saint-Venant’s Principle. E. Stern- 
berg. Quart. Appl. Math., Jan., 1954, p. 
393. 18 refs. A general proof of the 
principle on the problem of extension, 
torsion, and flexure of prismatic and 
cylindrical bodies, as modified by von 
Mises. 

Stresses Around Rectangular Cutouts 
in Torsion Boxes. Paul Kuhn and James 
P. Peterson. U.S., NACA TN 3061, 
Dec., 1953. 71 pp. Shell structural 
analysis. 

Toroidal-Shell Expansion Joints. N. 
C. Dahl. J. Appl. Mech., Dec., 1953, p. 
497. Use of the principle of minimum 
complementary strain energy to obtain a 
solution of the problem. 

Torsion of a Multi-webbed Rectangu- 
lar Tube; An Exact Solution of the Prob- 
lem Treated Approximately by Mr. Mans- 
field. W. H. Wittrick. Aircraft Eng., 
Dec., 1953, p. 372. 


Elasticity & Plasticity 


The Application of Limit Analysis to 
Punch-Indentation Problems. R. T. 
Shield and D. C. Drucker. J. Appl. 
Mech., Dec., 19538, p. 4538. 13 refs. 
ONR-sponsored research at Brown Uni- 
versity. 

Problems of Plane Elasticity for Re- 
inforced Boundaries. ]. R. M. Radok. 
Australia, ARL Rep. SM. 215, Sept., 
1953. 26 pp. 

Die Spannungsfunktionen des dreidi- 
mensionalen Kontinuums des 
elastischen Kérpers. Hermann Schaefer. 
ZAMM, Oct.-Nov., 1953, p. 356. 10 refs. 
In German. Determination of the tensor 
field of tensions by aid of a tensor poten- 
tial, the tensor of the stress function, for 
the case of the isotropic elastic body. 

The Uniform Torsion of a Perfectly 
Plastic Circular Ring. W. Freiberger. 
Australia, ARL Rep. SM. 213, July, 1953. 


25 pp. 
Plates 


Closed-Form Solutions for Plates of 
Variable Thickness. H. D. Conway. 
J. Appl. Mech., Dec., 19538, p. 564. 

Comparative Fatigue Tests with 24 S-T 
Alclad Riveted and Bonded Stiffened 
Panels. J. H. Rondeel, R. Kruithof, and 
F. J. Plantema. Netherlands, NLL Rep. 
S.416 (Rep. & Trans.), Dec., 1952. 14 pp. 

The Thin Clamped Parallelogram Plate 
Under Uniform Normal Pressure. F. H. 
Dorman. Australia, ARL Rep. SM. 214, 
Aug., 1953. 22 pp. 


Thermodynamics 


Effect of Diffusion Processes and 
Temperature on Smoking Tendencies of 
Laminar Diffusion Flames. Rose L. 
Schalla. U.S., NACA RM E53J12, 
Dec. 15, 1953. 23 pp. 

Formation and Combustion of Smoke in 
Bunsen Flames. Thomas P. Clark. Ind. 
& Eng. Chem., Dec., 1958, p. 2785. 
NACA studies on the problem during the 
burning of hydrocarbon fuels 

Some Thermodynamic Properties of 
Nitric Oxide. J. B. Opfell, W. G. 
Schlinger, and B. H. Sage. Ind. & Eng. 
Chem., Jan., 1954, p. 189. 11. refs. 
ONR-supported studies at CIT. 

Thermal Contraction of a Split Hollow 
Cylinder. W. Karush and A. V. Martin. 
J. Appl. Phys., Dec., 1953, p. 1427. Re- 
search studies at the Metallurgical Lab., 
University of Chicago 


Heat Transfer 


The Contribution of Radiation to the 
Conduction of Heat. Il—-Boundary Con- 
ditions. E. F. M. van der Held. Appl. 
Sct. Res., Sect. A, No. 2, 1953, p. 77. 

Heat Transfer in Forced Convection 
Film Boiling. LeRoy A. Bromley, Nor- 
man R. LeRoy, and James A. Robbers. 
Ind. & Eng. Chem., Dec., 1953, p. 2639. 

Optimum Problems in the Conduction of 
Heat in a Semi-Infinite Solid. H. A. 
Lauwerier. Appl. Sci. Res., Sect. A, No. 
2, 1953, p. 142. 

Round-off Errors in the Solution of the 
Heat Conduction Equation by Relaxation 
Methods. A. R. Mitchell Appl. Sci. 
Res., Sect. A, No. 2, 1953, p. 109. 


1954 


Solutions of Heat-Conduction Problem 
With the Aid of the Inverse Method. 
F. S. Weinig. J. Appl. Mech., Dec., 
1953, p. 489. 

Der Warmeaustausch zwischen einem 
geheizten Band und einer Konvektions- 
strémung. M. Herbeck. ZAMM, Oct.- 
Nov., 1953, p. 362. In German. Solu 
tions of the partial elliptical differential 
equation: 


Te + Ton = 


for different boundary conditions as in 
the case of heat exchange between a 
heated tape and a parallel convection 
flow in which the equation determines the 
field of temperature under certain simpli 
fying assumptions. 


Water-Borne Aircraft 


Generalized Theory for Seaplane Im- 
pact. Benjamin Milwitzky. (U.S., NA- 
CA TN 1516, 1948; TN 1630, 1948 
U.S., NACA Rep. 1103, 1952. 75 pp 
21 refs. Supt. of Doc., Wash. $0.55 

Hydrodynamic Drag of 12- and 21- 
Percent-Thick Surface-Piercing Struts. 
Claude W. Coffee, Jr., and Robert E 
McKann. U.S., NACA TN 3092, Dec., 
1953. 28 pp. 


Wind Tunnels & Research 
Facilities 

Experimental Investigation of Two- 
Dimensional Tunnel-Wall Interference at 
High Subsonic Speeds. Earl D. Knech- 
tel. U.S., NACA TN 3087, Dec., 1953 
13 pp. 

Modern Model Testing. IIl—Towing 
Tank. W. A. Crago. Saro Prog., 
Autumn, 1953, p. 10. 

Specifications for Agard Wind Tunnel 
Calibration Models (Caracteristiques des 
Maquettes de l’Agard pour 1’Etalonnage 
des Souffleries), NATO AGARD Memo 
AG4/M3, 1953. 5 pp. In English and 
French. 

Wind Tunnels; The Tunnels Behind the 
Farnborough Show. A. E. Knowler 
Hunting Group Rev., Autumn, 1953, p. 15 


Attention 
Members! 


All members of the 
Institute are invited to 
submit material concern- 
ing their activities for 
publication in the "News 
of Members” columns of 
the Aeronautical Engi- 
neering Review. 
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experience, its makers have pronecred 
in modern improvements to maintain 


Imperial as the finest tracing cloth mad. 


V43 


EXCEPTIONALLY FAST e CUSTOM-BUILT 
(opening or closing times under 10 milliseconds !) 

Skinner offers you these high-speed solenoid valves — and adapts them 
to your precise requirements! They are lightweight — yet have large capaci- 
ties — and are engineered to strict aircraft standards. Both have aluminum 
bodies, stainless steel internal parts, and Kel-F or Nylon orifice seals. Either 
continuous or intermittent duty coils can be supplied. 

V43 SPECIFICATIONS: Type: 3-way (normally open, normally closed or 
directional control); Pressure Range: 50-2000 PSI; Orifice Diameter: %"; 
Fluid Connections: to AND10050 for 4”. or ¥%” tube. 

V50 SPECIFICATIONS: Type: 2-way (normally open or normally closed); 
Pressure Range: 50-3000 PSI; Orifice Diameter: Ye” to %”; Fluid Connec- 
tions: to AND10050 for 4”, %” or Y2” tube. 

Both valves are furnished with AN3102 Type Connectors. 

Write for detailed specifications. 


BLECTRIC VALVE 


THE SKINNER CHUCK COMPANY 


HAMDEN 14 
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Over 85% of the torque wrenches used in industry are 


5S 


TORQUE WRENCHES 


Read by Sight, Sound or Feel 


@ Permanently Accurate 


@ Practically Indestructible 
© Faster—Easier to use 

© Automatic Release 

@ All Capacities 


in inch ounces 
...inch pounds 
.. foot pounds 


All sizes from 
0-6000 ft. Ibs. 


Every manufacturer, 


man should have this valu- 
able data. Sent upon reques?. 


ADDISON [QUALITY] ILLINOIS 


“A 


used by the ‘@ AIR FORCE 


@ ARMY 
@ NAVY 

@ AIRFRAME MFR’S 

@ MAJOR AIRLINES 

@ COMPONENTS MFR’S 


[—% Electrical Components on aircraft, portable 
power units, ordnance vehicles and guided 
missiles are being tested rapidly and 


accurately with United Test Equipment. 


Write us your requifements. We 
specialize in custom design and 
manufacture. 


UNITED MANUFACTURING CO. 
Div. UNITED ADVERTISING CORP. “% Bs 


CONNECTICUT . 


| 
< la / 
>> 
Imperial is known in drafting rooms MAy, 
all over the world as the traditional gy 
| quali racing cloth ) / 1 
Wi background of decades ot 
5 
\ Y 
i f | TESTING 
high pressure aircraft valves 
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a DIV. STIN 
104 Edgewood Ave., New Britain, Conn. | 


ENGINEERS ...our new brochure tells why 


Dep 
per 
V elo 


No one loses identity at Westinghouse. Top of tt 
management philosophy dictates that every en- 9 
gineer be employed at his highest skill; that 
inventive abilities be stimulated and encour- ae per 
aged; and that leadership potential be quickly : Westinghouse vela 
recognized and developed. 
In Baltimore, the AIR ARM AND ELEC- ine 
TRONICS DIVISIONS offer a variety of chal- as 
lenging opportunities, available as the result of peti 
long-range expansion programs in the elec- tion 
tronics and aviation-electronics fields. pow 
Many engineers are already building for them- 
selves key positions in the organization that 
has produced some of the country’s most ad- 
vanced scientific developments. Current open- 
ings offer a variety of challenging problems 
requiring engineers with a high degree of 
originality and ingenuity. Excellent ground- 
floor opportunities exist for men from the B.S. 
to Ph.D. level. 

A few of the many exceptional advan- 
tages of a career with Westinghouse: 
Professional recognition and industrial 
stability. 

Opportunities, at company expense, for 

advanced degrees. Send loden for 
Exceedingly liberal patent disclosure 

compensation. 

Salaries individually determined accord- your copy of “Gateway to an 
ing to experience and ability. 
Promotion on basis of individual merit. 


com 


Gateway to an Engineering Future 


Engineering Future.” 


Electrical Engineers Mechanical Engineers 
Physicists Mathematicians 
Mr. R. M. Swisher, Jr. 

Field Service Engineers Employment Supervisor, Dept. M-8 
Westinghouse Electric Corporation 
109 West Lombard Street 
Baltimore 1, Maryland 


you can SURE...1¢ 175 


Westinghouse 


AIR ARM & ELECTRONICS DIVISIONS 
BALTIMORE, MARYLAND 


Please send me a copy of “Gateway to an 
Engineering Future.” 


Name 
Address 


City State 


Engineering Field 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
organizations offering employment to Aeronautical specialists. 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Any member or organiza- 


Wanted 


Engineers—-The U.S. Naval Air Rocket Test 
Station has several vacancies in the Engineering 
Department: Electronic Engineer—GS-9, $5,060 
Duties: As an engineer in the de- 
velopment section of the instrumentation branch 


per annum 


of the power-plant division, designs and develops 
new instrumentation systems and modifies exist- 
ing systems used in testing rockets or associated 
Electronic Engineer—GS-5, $3,410 
Duties 


components 
per annum As an engineer in the de- 
velopment section of the instrumentation branch 
of the power-plant division, installs instrumenta 
tion and calibrates and operates instrumentation 
in existing rocket testing installations. Assists in 
the design and layout of new instrumentation 
Electronic Engineer—GS-9, $5,060 per 
Duties: Project engineer in the installa- 
tion section of the instrumentation branch of the 
power-plant division 


systems 


annum 


Designs new instrumenta 
tion systems and modifies existing systems used in 
testing rockets or associated components Di 
rects and supervises other members of the instru- 
mentation branch in installing, calibrating, and 
operating instrumentation systems. Electronic 
Engineer—GS-7, $4,205 per annum Duties 
As an engineer in the installation section of the 
instrumentation branch of the power-plant divi 
sion, cooperates in the design of new instrumenta- 
tion and modification of existing testing facilities 
Performs experiments on instruments and allied 
equipment to ascertain characteristics of same. 
General Engineer (Editing)—GS-9, $5,060 per 
annum Duties: Head of the technical pub- 
lications branch of the engineering services divi- 
sion of the engineering department. Responsible 
for editing, compiling, preparing for publication, 
and distributing of all technical reports issued by 
the engineering department. General Engineer 
Editing)—GS-7 $4,205 per annum Duties 
Technical editor in the technical publications 
branch of the engineering services division of the 
engineering department. Responsible for assist 
ing the Branch Head in editing, compiling, and 
preparing for publication all technical reports is 
sued by the engineering department. Engineer- 
ing Draftsman—GS-6, $3,795 per annum. Du 
ties: As a design draftsman in the design branch 
of the power-plant division, originates designs and 
layouts relating to the mechanical design of ex 
perimental rocket engines, rocket engine acces 
sories, and rocket engine test facilities. Chemical 
Engineer—GS-11, $5,940 per annum. Duties 
Project engineer and assistant to head of special 
projects branch of the propellant division. The 
special projects branch is concerned with the 
theoretical performance of liquid and solid pro 
pellant systems, advanced thermodynamics, chemi 
cal kinetics ef combustion and explosion proc- 
esses, and other problems concerning propellants 
when used for rocket propulsion. Mechanical 
Engineer—GS-9, $5,060 per annum. Duties: As 
an engineer in the propellants division, conducts 
projects relative to the test and evaluation of 
liquid propellants for rocket engines. Applicants 
should complete Standard Form 57, application 
for Federal Employment, which is available at any 
Post Office, and forward to the Industrial Rela- 
tions Officer, Industrial Relations Department, 
U.S. Naval Air Rocket Test Station, Lake Den- 
mark, Dover, N. J 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Professor or Instructor—To teach undergradu- 
ate and graduate courses in structural and stress 
analysis and aeroelasticity or design. Advanced 
degree and some industrial experience desirable. 
Opportunity for research. Salary and rank de 
pendent upon qualifications. Address inquiries, 
including résumé of education and experience and 
photograph, to Director, Guggenheim School of 
Aeronautics, Georgia Institute of Technology, 
Atlanta, Ga 


Fluid Dynamicists—The Applied Physics Lab- 
oratory of The Johns Hopkins University, located 
in Silver Spring, Md. (suburban Washington), has 
several research positions open for theoretical and 
experimental fluid dynamicists Qualified ap- 
plicants may find an opportunity for basic re- 
search in hypersonic flow, shock-wave phenomena, 
turbulence, and some other fields of fluid dy- 
namics. 


Research Aerodynamicists, Physicists, Chem- 
ists, Mathematicians, Metallurgists; Chemical, 
Electronic, and Structural Research Engineers— 
The Research Division of Ordnance Missile Labo- 
ratories seeks qualified applicants in the above 
categories. Employees will participate in a 
variety of stimulating research activities dealing 
with problems in aerodynamics, propulsion, 
Positions exist for 
grades GS-5 through GS-14 with corresponding 
salaries from $3,410 to $9,600 per annum. Ord- 
nance Missile Laboratories is the Army Ordnance 


guidance, materials, etc 


research and development center for rockets and 
guided missiles. It is located in the TVA lake 
region of North Alabama. Applications may be 
submitted on Form 57, Application for Federal 
Employment, which is available at any first- or 
second-class Post Office or from any Civil Service 
Regional Office 

dressed as follows 


Correspondence should be ad- 

Commanding General, Red- 
stone Arsenal, Huntsville, Ala., Att H. W. 
Smith, Civilian Personnel Division 


Engineers—Opportunities for employ ment exist 
in the Bureau of Aeronautics, Department of the 
Navy, Washington, D.C Aerodynamics De- 
velopment Engineer (Hydrodynamics)—GS-9, 
$5,060 per annum; GS-11, $5,940 per annum; 
or GS-12, $7,040 per annum. Duty post: Wash- 
ington, D.C. Work assignments include the 
initiation and monitoring of hydrodynamic re- 
search projects and contracts required for the 
development of Navy seaplanes; analyze tech- 
nical reports, project results, and hydrodynamics 
data; prepare hydrodynamic design requirements; 
prepare demonstration requirements and special 
test requirements. Tow tank experience desired; 
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familiarity with practices and procedures of hy- 
drodynamics research and develop mandatory. 
Aircraft Structural Loads Engineer—GS-11, 
$5,940 per annum. Duty post: Washington, 
EC. Review, analyze, and evaluate structural 
air loads reports for compliance with design speci- 
fications; establish structural flight demonstration 
requirements; investigate structural load problems 
in experimental aircraft and guided missiles; 
assist in the preparation of contract specifications. 
Experience and knowledge of methods of deter- 
mining structural air loads are required. Air- 
craft Structural Loads Engineer—GS-12, $7,040 
per annum. Duty post: Washington, D.C 
Work assignments include planning, initiation, 
and follow-through on programs and projects 
relating to structural ground loads of Naval air- 
craft; critical analyses of contractor reports per- 
taining to ground loads and the approval or dis- 
approval of such data in view of contract re- 
quirements; the investigation of special ground 
loads problems in connection with armament 
items and arresting and catapult requirements; 
structural engineering administration of field 
landing tests and carrier suitability tests. Re- 
quires experience and knowledge of all ground 
and handling loads and methods and procedure 
for analyses for such loads. Mechanical En- 
gineer—GS-12, $7,040 per annum. Duty post: 
Washington, D.C. Duties include responsibility 
for conducting investigations, studies, and proj- 
ects in gas dynamics; serves as expert, specialist, 
and consultant in gas dynamics for the purpose 
of guiding the development of advanced naval 
aircraft power plants. Aeronautical Power 
Plant Research Engineer—Duty post: Washing- 
ton, D.C. Work assignments include the de- 
velopment of general designs and studies of re- 
ciprocating, turbojet, turboprop, ram-jet, pulse- 
jet, and rocket engines to be used in Naval air- 
craft and guided missiles; project engineering in 
connection with turbojet power plants for piloted 
aircraft. This position is open at several levels 
with varying degrees of final responsibility: GS-5, 
$3,410 per annum; GS-7, $4,205 per annum; 
GS-9, $5,060 per annum; GS-11, $5,940 per 
annum; and GS-12, $7,040 per annum. Me- 
chanical or Aeronautical Engineer—GS-11, 
$5,940 per annum. Duty post: Washington, 
D.C Responsible for administering research 
contracts and projects for the development of 
transparent areas of cockpit and cabin enclosures 
of Naval aircraft, including windshield-wiper in- 
stallations, degreasing systems, and washing sys- 
tems. Basic requirements for all the above posi- 
tions include Bachelor’s Degree from an accredited 
institution and, in addition, professional engineer- 
ing experience as follows: for GS-12, 3'/2 years; 
GS-11, 2!/2 years; GS-9, 1'/2 years; GS-7, !/2 
year. Interested personnel can obtain Applica- 
tion for Federal Employment (Form 57) from any 
U.S. Post Office; completed form or other com- 
munication should be addressed: Mr. E. N. 
Wolfe, Room 3909, Main Navy Building, 19th and 
Constitution Ave., N.W., Washington 25, D.C. 


563. Sales Engineers—Well-established Los 
Angeles manufacturer of hydraulic and electro- 
mechanical equipment for aircraft has openings 
both in the Los Angeles and mid-west areas for 
sales engineers. Please furnish complete informa- 
tion regarding salary requirements, experience, 
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MEN WANTED for precarious undertaking. Room for a few creative 


engineers willing to stake the future against greatest of all challenges. 
Recognition and success in return for long, hard work and exceptional 
ability. No extraordinary inducements—resort accommodations or chamber 
of commerce climate. Only the opportunity to work with the finest mind- 
power and engineering facilities in the whole new world of flying weapons. 
If it’s only a job you want, the woods are full of them. But if you are one 
of the few who are destined to go far in this industry, you'd be wise to take 
an engineer’s-eye view of the mindpower and the facilities you'll be work- 
ing with. 


Write to J. M. Hollyday, Director of Employment, Dept. E-3 


> THE GLENN L. MARTIN COMPANY 


BALTIMORE + MARYLAND 


AIRCRAFT 


education, and background in first letter. Min 
mum of 5 years’ aircraft design experience desir 
able but not mandatory. 


561. Engineers—Small, aggressive, well-e 
tablished company; leader in its basic industr 
field; and engaged in challenging research, de 
velopment, and pilot production of new concept 
having extensive applications in aircraft, missile 
ordnance, automotive, and process industrie 
covering structural design, ceramics, metallurgy 
hydraulics and electronics requires: Engineering 
Administrator—Top-level Vice-President caliber 
Broad engineering background in aircraft and/or 
product design, processes, and special machinery 
Proved ability to organize and direct engineerin; 
programs, policy, and personnel Responsible 
to President. Salary open. Stress Specialist 
Thoroughly conversant with latest aircraft stre 
analysis methods to assume responsibility for 
stress evaluations. Capable of performing ow: 
stress analysis on current and newly proposed de 
signs mentoring junior engineers, and laborator 
physical stress tests. Some travel and conference 
with top-level industry experts required. Salary 
open. Engineer—M.E. Aero., or Ind. E. Either 
newly graduated or with a few years’ experience 
Having special talents or desire for mathematic 
stress analysis, or new process and machine de 
velopment including dies and tools. Challengin; 


advancement opportunity for alert young man 


with plenty of drive and follow-through on the 
job. Salary open Metallurgist—-With ba 
industry background preferably in or associated 
with aircraft industry with knowledge of Govern 
ment specifications on forgings and castings 
Salary open Project Engineers—Men coming 
in now will be getting in on ground floor of chal 
lenging growing enterprise. Salary open Al 
above positions are in fine, clean, small, Midwest 
city Successful candidates will be reimbursed 
for reasonable moving expenses and provided with 
company paid insurance. Send complete résum«¢ 
listing accomplishments, previous earnings, salary 
expected, and preferred interview dates 


Available 


508. Aeronautical Engineer—M.S. and 
fessional Degree in Aero. Engrg. Presently work 
ing toward Ph.D. Fifteen years’ varied exper 
ence includes conception planning, supervision 
and shovel work in Research and Development 
programs Conducted theoretical and exper 
mental studies in fluid dynamics, wind-tunne 
techniques, experimental flight test, and aircraft 
and missile design. Author of numerous technica 
papers and reports. Wishes to apply wide, sound 
background, along with a liking for unusual prob 
lems, to research and development work withir 
commuting distance of New York, preferably in a 
consulting capacity. Full details will be included 
in reply 


567. Aeronautical Engineer—B.Ae.} 
M.Ae.E., M.Bu.Ad., registered, experienced in re 
search, design, and development of all types of 
aircraft and guided-missile propulsion system 
diversified experience including supervisory pos 
tions in industry and Government Desire 
management position in aeronautics or relate 
fields Minimum salary, $12,000 


566. Aeronautical Engineer—B.S. in M.} 
Nineteen years’ aircraft engineering experience as 
weight, stress, design, and project engineer on 
fixed and rotating wing aircraft Desires position 
in the East where the above experience will be use 
ful but not essential in making further advance 
ment. Presently employed 


505. Aeronautical Engineer—B.S. and M.S. in 
Aeronautical Engineering Age 33 Four and 
one-half years’ experience with Air Force in wind 
tunnel research at transonic and low supersonic 
speed range. Conducted research on aerody 
namics of lifting surfaces, stability and control of 
aircraft and missiles, development of transonic 
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RAYTHEON MANUFACTURING CO. 


MISSILE 
& AAOAR 
DIVISION 


AERONAUTICAL AND MICROWAVE ENGINEERS 


If you are qualified it will be to your advantage to 
investigate these openings in the Guided Missile and 
Airborne Radar field. 


SENIOR STRUCTURES ENGINEER 


Experience: 8-10 years in missile or airframe structural 
analysis, design, and testing. 

Must be capable of supervising and planning structural 
design projects involving missiles, airborne electronic 
equipment and airframe modification. 


SENIOR AERODYNAMICISTS 

Position offering interesting and diversified work for 
Aerodynamics Engineer with ability to conduct dynamic 
stability analyses and aerodynamic design and perform- 
ance investigations. Knowledge of supersonics de- 
sirable. Minimum of 5 years’ applicable experience 
required. 

MISSILE AND RADAR DIVISION is located in new ultra modern 
facility, Bedford, Mass. Geographical location, 15 miles from 
Boston, provides a choice of urban or rural living, together with 
the finest cultural, recreational and research facilities. Fine 
homes available. Moving expenses paid. 


Please write, giving particulars concerning 
education and experience to 


Personnel Division 


RAYTHEON MANUFACTURING COMPANY 
190 Willow Street, Waltham, Mass. 


PROJECT ENGINEER 
JET ENGINE AUTOMATIC CONTROLS 


Experienced engineer capable of performing 
control system analysis and presenting pro- 
posals to engine manufacturers. This position 
offers an attractive starting salary and oppor- 
tunity for rapid advancement. 

Send resume to: 

J. WALLACE CROSS, Personnel Manager 
Manning, Maxwell & Moore, Inc. 
Aircraft Products Division 
Danbury, Connecticut 


All inquiries will be kept confidential and answered. 


Career (Opportunities 


@ MECHANICAL ENGINEERS 
@ ELECTRONICS ENGINEERS 
@ ELECTRICAL ENGINEERS 
@ PHYSICISTS 

@ AERODYNAMICISTS 

@ MATHEMATICIANS 


a Sandia Corporation, a subsidiary of the Western 
Electric Company, offers outstanding opportunities 
to graduates with Bachelor's or advanced degrees, with 
or without applicable experience, in the above fields. 
@ Engineers and scientists at Sandia Laboratory, an 
atomic weapons installation, work as a team at 
the basic task of applying to military uses certain of 
the fundamental processes developed by nuclear physi- 
cists. This task requires applied research as well as 
straightforward development and _ production 
engineering. 
@ The place of an engineer or scientist on the 
Sandia team is determined initially by his 
training, experience, and talents . . . and, in a field 
where ingenuity and resourcefulness are paramount, 
he is afforded every opportunity for professional 
growth and improvement. 
@ Sandia engineers and scientists design and 
develop complex components and systems 
that must function properly under environmental 
conditions that are much more severe than those 
specified for industrial purposes. They design and 
develop electronic equipment to collect and ana- 
lyze test data; they build instruments to measure 
weapons effects. As part of their work, they are 
ee engaged in liaison with the best production and 
design agencies in the country, and consult with 
many of the best minds in all fields of science. 
@ Sandia Laboratory, operated by Sandia 
Corporation under contract with the Atomic 
Energy Commission, is located in Albuquerque— 
a modern, mile-high city of 150,000 in the 
heart of the healthful Southwest. Albuquerque 
offers a unique combination of metropolitan 
facilities plus scenic, historic and recreational 
attractions; and a climate that is sunny, mild, 
and dry the year around. New residents have 
little difficulty in obtaining adequate housing. 
y Liberal employee benefits include paid 
vacations, sickness benefits, group life 
insurance, and a contributory retirement plan, 
Working conditions are excellent, and salar- 


DESIGNERS— 


STRUCTURES BALLISTICS AERODYNAMICS 


AIRCRAFT ARMAMENTS’ development engineering program con- 
tinues to offer outstanding opportunities to DESIGNERS in its expand- 
ing Structures and Aerodynamics Department. The men we are par- 
ticularly interested in attracting to our company may have acquired 
their technical background in STRUCTURES, DYNAMICS, ME- 
CHANICS, AERODYNAMICS or related fields of technical specializa- 
tion. They should be interested in and capable of assuming project 
structures and dynamics design responsibility in a program which in- 
cludes development of guns, bombs, ammunition, launchers, military 
vehicles and accessory equipment. 

If you are a DESIGNER, or have the technical qualifications and basic 
experience, and want the opportunity for substantial new design re- 
sponsibilities, AIRCRAFT ARMAMENTS, Inc., may be the company 
for you. Address complete data on training, design experience and 
your interests to 


D. J. WISHART, IRCORAFT 
ARMAMENTS 
INC. 


P. O. BOX 1777 
BALTIMORE 3, MARYLAND 


ies are commensurate with qualifications. 


Make Application to: 
PROFESSIONAL EMPLOYMENT 


DIVISION E 


SANDIA BASE 


ALBUQUERQUE, NEW MEXICO 
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Lockheed in 
California 
calling 


flight test 
analysis 
engineers 


Flight Test Analysis Positions 


that are unusually attractive from 
a career standpoint have been 
created in Lockheed’s program of 
diversified development—a 
program that means more scope 
for your ability and more 
opportunity for promotion 
because it is diversified. 


In addition to more 
opportunity, you receive 


increased pay rates now in effect 


generous travel and moving 
allowances 


the chance for you and your family 
to enjoy life in Southern California 


Lockheed invites qualified Flight Test 
Analysis Engineers and Junior 
Engineers for Flight Test Analysis 

to apply for these positions. Coupon 
below is for your convenience. 


LOCKHEED 


AIRCRAFT CORPORATION 
BURBANK, CALIFORNIA 


i 

| Mr. E. W. Des Lauriers, 

| Engineering Recruiting, Dept. AER-FT-3 
Lockheed Aircraft Corporation 

| Burbank, California 


| 

Dear Sir: Please send me an application form | 
and illustrated brochure describing life and | 
| work at Lockheed in California. | 
| | 
| 


| my name 


| my street address 


| my city and state 
*Now in operation: Lockheed’s new De-Icing 


Tunnel, the first to be owned and operated by 
private industry. 


ENGINEERING REVIEW 


test section, and shock-wave cancellation. De 
sires responsible position in applied research or 
education (or combination) in aerodynamics 
Detailed résumé furnished on request 

564. Aeronautical Engineer 
A.S., and British A.R.B. licenses 


total and 10 years’ senior executive aviation ex 


A.R.Ae.S., M.I 
Fifteen years’ 


perience; requires a change and would be glad to 
hear if his services can be usefully absorbed. Con 
sideraple experience with aircraft, equipment, and 
men, military and civil Age 36 


560. Aeronautical Engineer—With 13 years’ 
diversified engineering specialization in aerody 
namics, control stability, structures, flutter vibra 
tion, weapon system analysis on guided missiles 
and fixed- and rotary-wing aircraft. Desires posi 
tion with reliable organization requiring a broad 
specialized engineering experience. Included with 
this experience has been technical and adminis 
trative supervisory experience in dynamics and 
structural and weapon system analysis groups 


559. Engineer-Editor—-Extensive experience 
in writing and editing engineering reports and 
handbooks for aeronautical equipment. Can as 
sume responsibility for all types of publications 
required by military contracts Would be in 
terested in organizing publications department if 
none exists 


558. Development Specialist——-Interested in 
long-range development assignment, structural or 
mechanical field. Outside contract basis. Pres 


ently in charge of extensive development pro 


gram 

557. Administrative—Age 53 Thirteen 
years’ diversified aviation experience including 
estimating, planning, sales, training, publicity 


and public relations Presently engaged in the 
direct administration of large-scale aviation tech 
nical training program. B.S., 1942, Business and 
Engineering Administration Desires connection 
in the organization and management of small 
aviation supporting activity Will consider re 
lated nonaviation position. Private pilot. Pre 
ferred location, San Francisco Bay area or West 


Coast. Detailed résumé furnished on request 


556. Director of Development 
structural, or allied field 


Mechanical, 
Twenty years of di- 
versified experience in transportation and air- 
craft Excellent record and references. Prefers 
small or medium size organization Will deal 
with top executive only 

555. Administrative or Military Liaison 
Man—Twenty-five years of diversified commercial 
and military aviation, sales, and service experi 
ence. Maintenance engineering, administrative 
executive, Military Inspector General, and Con 


tract School Supervisor background U.S. Air 
Force multiengined Senior Pilot, CAA multi 
engined, instrument rating Commercial Pilot 


power-plant and air-frame (A & E) Ground In 
structor certificates 
sumes responsibility 


Progressive, flexible, as- 
Desires an administrative 
or supervisory-type position, particularly where 
military liaison and contact is involved. Also 
would consider position as Company Represen 
Position location 
Age 44 


tative Southern California 


area. Salary open 


Changes of Address 


Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Review. 


Notices should be sent directly to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, N.Y. 


MARCH, 1954 


ENGINEERS 


The APPLIED PHYSICS 
LABORATORY OF THE 
JOHNS HOPKINS UNIVER- 
SITY offers an exceptional 
opportunity for professional 
advancement in a well-estab- 
lished laboratory with a repu- 
tation for the encouragement 
of individual responsibility and 
self-direction. Our program of 


GUIDED MISSILE 
RESEARCH AND DEVELOPMENT 


provides such an opportunity 
for men qualified in: 


SUPERSONIC MISSILE DESIGN 


WIND TUNNEL TESTS AND 
DATA ANALYSIS 


RAMJET DESIGN AND ANALYSIS 
MISSILE SYSTEMS DEVELOPMENT 
FLIGHT TEST PROPOSALS AND 


DATA ANALYSIS 
Please send your resume to 
Glover B. Mayfield 
APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 


8621 Georgia Avenue 
Silver Spring, Maryland 


is offered for intelligent, imagina- 
tive engineers and scientists to join 
the staff of a progressive and self- 
sustaining, university-affiliated re- 
search and development labora- 
tory. We are desirous of ex- 
panding our permanent staff in 
such fields as design studies of ad- 
vanced supersonic aircraft, ana- 
lytical and experimental studies of 
ceroelasticity, helicopters, aircraft 
structures, control and stability, 
large scale wind tunnel testing, 
and in various other applied 
research fields of aeronautics. 
Salary structure and bene- 
fit programs are on a por 
with industry. In addition, 
there are many tangible 
advantages, such as our 
self-sponsored internal re- 
search policy, of interest to 

men with ingenuity 

ond initiotive. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 


BUFFALO 21, NEW YORK 


— 
(\y. Ort 
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AERONAUTICAL 


TURQUOISE 


GRADING 
true! 


is tried 


w 


uy 


ad 
Wy 


The chart prepared by the Shading Machine is then 

placed under the electric eye of this Reflectometer 

calibrated to black and white glass standards. The 
sensitive dial indicates the blackness of the shad- 
ing to a fraction of one percent . .. and proves the 


A test pencil is first weighted to average drawing 
pressure and inserted in this exclusive Eagle Shad- 
ing Machine. The machine then moves a sheet of 
paper back and forth beneath the point. Because all 
other factors are equal, the blackness of the shading 
depends solely on the trueness of the pencil grade. 
Because each of the 17 TURQUOISE grades is made from a separate 
and because each grade is both tried and true 


TURQUOISE will give you exactly the line you want every time! 


test pencil true to grade! 


formula . 
PROVE IT YOURSELF. Write us for a sample of the new TURQUOISE 


in any degree you desire. Please name this publication. 


Drawing Pencils & Leads 


* “Chemi-Sealed” (Super Bonded) 
With 100% *”Electronic’’ Graphite 


TURQUOISE 


Eagle Pencil Company * New York « London « Toronto * Mexico * Sydney 
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AERONAUTICAL ENGINEER 


You may well be one of a select group of men intently interested 
in developing tomorrow’s jet fighters... special reconnaisance 


aircraft... jet bombers and transports. The Aircraft Division of 


Fairchild offers a genuine creative opportunity to such men. 

New concepts of flight for the jet era... as well as engineering 
advances on the world-renowned C-119 Flying Boxcar and soon-to- 
be-produced C-123 Assault Transport are coming from Fairchild. 
Diversified, stimulating assignments like these increase the inven- 
tive challenge to Fairchild’s team of qualified aerodynamicists. 

Gracious country living only minutes away from urban Balti- 
more or Washington ... paid pension plan... an excellent salary 
with paid vacations ... ideal working conditions . .. generous 
health, hospitalization and life insurance ... and the many other 
benefits of a progressive company add to the pleasure of working 
with Fairchild. 

You'll be investing wisely in a secure future if you take time 
today to write to Walter Tydon, Chief Engineer, outlining your 
qualifications. Your correspondence will be kept in strict con- 


fidence, of course. 


Fa ENGINE AND AIRPLANE CORPORATION 


AIRCHILD 
Division 


HAGERSTOWN, MARYLAND 
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Lackheed in 
Cajifornin 


calling 


\ 
THERMO- 


DYNAMICISTS 


to work on 


nuclear energy - jet transports 
super-sonic fighters 


continuing development of 
the Super Constellation and other 
production models 


These career positions have been 
created by Lockheed’s program of 
diversified development—a program 
that means more scope for your 
ability and more opportunity for 
promotion because it is diversified. 


In addition to more 
opportunity, you receive 


increased pay rates now in effect 
generous travel and moving allowances 


the opportunity for you and your family 
to enjoy life in Southern California 


Lockheed invites qualified 
thermodynamicists to write for 
information concerning these positions 
Mr. E. W. Des Lauriers 
Engineering Recruiting, Dept. AER-T-3 
Lockheed Aircraft Corporation 
Burbank, California 


LOCKHEED 


AIRCRAFT CORPORATION 
BURBANK, CALIFORNIA 
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AC Spark Plug Division, General Motors Corporation............ 93 TW. 138 
* Adel Division, General ‘Metals 114 
* Airborne Accessories Corporation. 90 
y Division, The Garrett Corporation 106 Keuffel & Esser Company, Imperial Tracing Cloth. ............... 133 
Allison Division, General Motors Corporation. ..............005 24 Kollsman Pp , Subsidiary of Standard Coil Prod- 
* American Phenolic Corporation. 99, 100 
Lockheed Aircraft 138,140 
Bendix Aviation Ccrporation 
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Manufacturing Company Division, Standard-Thomson Cor- New Departure Divison, General Motors Corporation............ 
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E Raytheon Manufacturing 137 
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F *Scintilla Division, Bendix Aviation Corporation. «2-425, 131 
Skinner Electric Valve Division, The Skinner Chuck Company. Apes 133 
Fairchild Engine and Airplane Corporation The Sperry Corporation ey 
Fairchild, Engine Division...... 32 jk Gyroscope Company Division 121 
Flight sks 8 Standard Coil Products Company Inc., Kollsman Instrument Corpora- 
* Foote Bros. Gear and Machine Corporation 105 
Ford Instrument Company, Division of The Sperry Corporation. .... 26 *Standard Pressed Steel Company, Aircraft Products Division uielscae 30 
Standard-Thomson Corporation, Clifford M € 
h Manufacturing C ummers yroscope 
* General Metals Corporation, Adel Division. 114 
General Motors Corporation 
een New Departure 18 
M., Giannini & Co., coe O88 U 
ol B. F. Goodrich C tical Seles 41 
Goodyear Tire & Rubber leg Inc., The, A United Manufacturing Company.............--020cceeeecececs 133 
Great American Industries, Inc., Rubatex Division. .............. 20 
our Vv 
ied Holley Carburetor Company. Inside Front Cover w 
Westinghouse Electric Corporation 
* Specifications and further information on the aircraft 
eS 
ly products of these companies will be found in the 
The only publication of its kind devoted exclusively to the aircraft industry, 
this CATALOG serves as a valuable buyers’ and reference guide to sources 
and specifications on aircraft materials, parts, and accessories. It is dis- 
tributed annually to Chief Engineers, Designers, Production Heads, and 
ions Purchasing Departments of all leading Aircraft, Aircraft Engine, Instrument, 
Accessory, and Aircraft Parts Manufacturers; Air Transport Companies; 
Army, Navy, and Governmental Agencies; Research Organizations; Engi- 
T-3 neering Libraries; etc. 
Published Annually by 
INSTITUTE OF THE AERONAUTICAL SCIENCES 
2 East 64th Street New York 21, N.Y. 
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A NEW HORIZON 
IN 
SERVICE TO YOU 


To keep pace with the growing need for 
completely reliable aircraft instrumenta- 
tion and control components, the Aircraft 
Products Division of Manning, Maxwell & 
Moore, Inc. is now manufacturing in three 
strategic locations: Stratford and Danbury, 
Connecticut and Inglewood, California. 


The expansion and dispersal of our facilities 
greatly augments the availability of ou 
design, engineering, testing and production 
facilities. Whether your responsibilities 
concern the application of aircraft pressure 
switches, electronic amplifiers, hydraulic 
valves or turbojet engine control systems, 
we can now serve you better than ever 
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before. Whatever the dimensional and func- 
tional requirements of such vital compo- 
nents, our unique design technique elimi- 
nates all compromise with performance. 
For we recognize that compatibility be- 
tween airframe and equipment is the key 
to the success of the weapons system of the 
U. S. Air Force, as well as the continued 
leadership of the nation’s air transporta- 
tion industry. 


We believe the counsel of our engineering 
specialists can contribute appreciably to the 
safety and dependability of today’s most 
advanced aircraft and those you are now 
developing. Your inquiry is invited. 


PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
THERMOCOUPLES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS. 


MANNING, MAXWELL & MOORE, INC. 


AIRCRAFT PRODUCTS DIVISION + STRATFORD, CONN. « DANBURY, CONN. ¢ INGLEWOOD, CALIF. 


OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS © ELECTRONIC AMPLIFIERS 
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AIRCRAFT MATERIALS & PROCESSES 


Smooth Hammered Forgings, Composite Die Sections, and Cast-To-Shape 
Tool Steels. Descriptive 27-page catalog. Allegheny Ludlum Steel Corp., : 
Advertising Dept., 2020 Oliver Bldg., Pittsburgh 22, Pa. ' 

Chemicals and Processes for Metal Preservation. Reference guide. Ameri- H 
can Chemical Paint Co., Ambler, Pa. ' 

Thin Gage, Close Tolerance Strip Metals. Six-page descriptive brochure. 

American Silver Co., Industrial Div., 36-07 Prince St., Flushing 54, N.Y. t 


Please send information on the follow 
CITY & STATE... 


mentioned in the 


Corrosion Test Data for Stainless Tubing & Pipe. Eight-page descriptive 
folder. The Babcock & Wilcox Co., Tubular Products Div., Beaver Falls, 
Pa. 
Applications of ‘‘Chace” Thermostatic Bimetals. Thirty-six-page illustrated 
booklet. W.M. Chace Co., 1644 Beard Ave., Detroit 9, Mich. 
CD Spray Mask A. This plastic putty material protects surfaces during paint- 
ing, spraying, cementing, etc. Chemical Development Corp., Danvers, 
Mass. 
Low-Pressure Silicone-Glass Laminates. Made with new bonding resin 2106. : 
Dow Corning Corp., Midland, Mich. ‘ 
Industrial Coated Fabrics. Descriptive five-page catalog. Haartz-Mason, ‘ 
Inc., Mechanical Products Div., Watertown 72, Mass. ' 
VHF Inverted “L’’ Antenna. Unit A-15 may be single-hole mounted on the 
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INFORMATION 
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AERONAUTICAL SCIENCES 

gineering 


An Official Publication 
(Avietion's Professional En 


Society) 
2 E. 64th St, New York 21, NY 


belly of the smallest 2-place helicopters with sufficient clearance for safe 
operation. Aircraft Radio Corp., Boonton, N.J. 
“Kel-F” Buyers Guide. Sixteen-page booklet lists services, molded and 
fabricated materials, and products made of ‘‘Kel-F.” The M. W. Kellogg 
Co., Chemical Mfg. Div., P.O. Noc 469, Jersey City 3, N.J. 
Steel Wire Electroplated with Copper. Descriptive bulletin No. 201 on 
“Copperply.”” National-Standard Co., Niles, Mich. 
“1054 Aluminum Mill Products Design.’’ Twelve-page descriptive brochure. ‘ 
Reynolds Metals Co., Desk PR, 2500 S. Third St., Louisville 1, Ky. : 
“New Horizons for Product Improvement with Magnesium & Aluminum Cast- 
ings.” Illustrated booklet. Rolle Mfg. Co., 301 Cannon Ave., Lansdale, ' 
Pa. 
“Nickel Chrome Castings to Resist Heat & Corrosion.’’ Four-page engineer- ' 
ing data bulletin No. 1. Standard Alloy Co., Inc., 1679 Collamer Rd., 
Cleveland 10, Ohio 


Analysis of Gold & Gold Alloy Solutions. Six-page article. Technic, Inc., 39 
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Snow St., Providence 1, R.I. 


AIRCRAFT PARTS & EQUIPMENT 


Aircraft Accessories Catalog. Forty-four pages describe landing gear parts, ' 
brake systems components, propellers, instruments, fuel and oil systems \ 
equipment, emergency equipment, etc. Air Associates, Inc., Dept. A, 
Teterboro, N.J. 

Butterfly-Type Air Valves. Specifically designed for low-leakage, high- 
temperature, and high-pressure aircraft applications. Bulletin F-6021. 
Barber-Colman Co., Aircraft Controls Div., Rockford, Ill. 

T-Nut Isolator. For isolation of noise and vibration in grommet-type applica- 
tions. The Barry Corp., 871 Pleasant St., Watertown 72, Mass. 

Valves for Aircraft & Guided Missiles. Forty-eight-page descriptive catalog 
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No. 200. Bridgeport Thermostat Div., Robertshaw-Fulton Controls Co., 
Dept. A, Bridgeport, Conn. 


REQUEST FOR 
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Thermocouple Protection Tube. Four-page descriptive bulletin No. P1261. 
The Bristol Co., Waterbury 20, Conn. 

Chrome-Alloy Steel and Stainless-Steel Balls. For ball bearings, instruments, 
and jet engines. Four-page descriptive catalog. Coolidge Corp., Middle- 
town, Ohio 

Corrosion-Resistant ‘‘Rollpin.’’ This slotted and chamfered cylindrical spring 
pin is capable of withstanding a 100-hour salt-spray test. Elastic Stop Nut 
Corp. of America, Union, N.J. 

High-Temperature Weld Nut. This lightweight, two-lug anchor lock nut is 
designed for service up to 1,200°F. Elastic Stop Nut Corp. of America, 
Union, N.J. 

Tubeless Airplane Tires. Lighter weight than conventional tire-and-tube 
combinations. B. F. Goodrich Co., Akron, Ohio 

Design and Methods Engineers’ Reference Book. Twenty-page booklet, 
No. SP-100, discusses radar antenna systems, jet engines, thermodynamics, 
guided missiles, titanium, and automatic spinning. I-T-E Circuit Breaker 
Co., Advertising Dept., 19th & Hamilton Sts., Philadelphia 30, Pa. 

Center Bonded Cowl Mountings. This design relieves the possibilty of tension 
fatigue that has been encountered with previous designs under high radial 
loading. Lord Mfg. Co., Erie, Pa. 

Control Valve for Air-Borne Gas Pressure Bottles. Features on-off pressure 
relief, drain, gage, and check operations in one unit. Marotta Valve Corp., 
Boonton, N.J. 

MG13A Actuator. This 1-lb. 14-0z. unit 2°/,.in. in diameter and 5 in. long, 
consists of a 2-phase reversible induction motor, velocity signal generator, 
and 50-to-1 gear train. Minneapolis-Honeywell Regulator Co., 2753 
Fourth Ave., Minneapolis, Minn. 

Socket-Type Weld-Lok Tube Fittings. Descriptive catalog No. 4370. The 
Parker Appliance Co., 17325 Euclid Ave., Cleveland 12, Ohio 

“O-Ring Engineering Handbook No. 504.’’ Contains complete engineering 
data on O-ring seals. Plastic & Rubber Products Co., 2100 Hyde Park 
Bivd., Los Angeles 47, Calif. 


“Inside Revere...’ Twenty-four-page facilities booklet. Revere Corp. of 
America, Inc., Wallingford, Conn. 


Tapping Screws. Descriptive 8-page booklet No. TL-88. Townsend Co., 
New Brighton, Pa. 

Hydraulic Fluid Booster Pump. For use where hydraulic reservoirs are 
located at an extended distance from the system hydraulic pumps or where 


altitude problems exist. Brochure No. 5228. Vickers Inc., 1400 Oakman 
Blvd., Detroit 32, Mich. 


ELECTRONIC & ELECTRICAL EQUIPMENT 


Intervalometer and Count Limiter. A sequence timing device developed to 
function accurately under varying supply voltages; for use in aircraft fire 
control, navigation, aerial camera control, telemetering, and missile control 
systems. Abrams Instrument Corp., Dept. S26, 606 E. Shiawassee St., 
Lansing 1, Mich. 

High-Temperature Magnet Wire. This Teflon-coated wire is for high- 
temperature and high-frequency applications. Mr. Robert Weitzen, 
Hitemp Wires, Inc., 26 Windsor Rd., Mineola, L.I., N.Y. 

Angle Pulse Connectors for Aircraft Radar & Microwave Communications 
Systems. Maintain high corona levels at altitudes up to 10 miles. Airtron, 
Inc., Linden, N.J. 

“Cen-Tri-Core” Energized Rosin-Filled Solder. Consists of a solder wire 
coated with rosin over which is formed the outer solder sleeve. Alpha 
Metals, Inc., 56 Water St., P.O. Box 34, Bergen Sta., Jersey City 4, N.J. 

Five-Unit Radar Camera System. The Bolsey 0-30 camera system has inter- 
changeable parts and is designed to photograph radar scope images in various 
modes of operation on 35-mm. picture film. Bolsey Corp. of America, 
118-120 E. 25th St., New York, N.Y. 

Wire-Wound Trimming Potentiometer. Descriptive 6-page brochure No. 
— Bourns Laboratories, Dept. NL, 6135 Magnolia Ave., Riverside, 


AN-“E” Series of Multicontact Electric Connectors. Descriptive 8-page 
bulletin No. AN-E-1. Cannon Electric Co., P.O. Box 75, Lincoln Heights 
Station, Los Angeles 31, Calif. 

Portable Electronic Switch. Permits simultaneous observation of two patterns 
on the screen of a single cathode-ray oscilloscope. Chatham Electronics 
Corp., Livingston, N.J. 

Series 154 Fixed Pad Attenuators. Employ card-type, noninductive resistors, 
mounted inside a metal shield. Daven Co., Dept. SV-191, Central Ave., 
Newark, N.J. 

Multiple Plug-In Diode Unit. Designed for diode matrix, computer circuits, 
and similar multiple applications, it provides a rapid means of inserting and 
removing diodes from_a circuit. Electronic Engr. Co. of Calif., Plug-In 
Div., 180 S. Alvarado St., Los Angeles 57, Calif. 

Synchronous Contactor. Coordinates the angular position of a rotating shaft 


and the opening or closing of an electric circuit. Farmer Electric Co., 21 
Mossfield Rd., Waban, Mass. 
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Lightweight Air-Borne Magnetic Recorder. This ‘‘mechanical memory” 
provides the pilot with a method of recording communications while attend- 
ing to cockpit procedures and other flight duties. Flite-Tronics, Inc., 
Burbank, Calif 


Frequency Meters. For both field and laboratory use. Descriptive leaflet. 
Frequency Standards, Asbury Park, N.J. 


Amplidyne System and Uses. Descriptive 24-page booklet No. GEA-4053. 
General Electric Co., Schenectady 5, N.Y. 


7/8-In. Potentiometer. Available with up to 360° electrical rotation and 
mechanical rotation, in resistance ranges up to 50,000 ohms (+1 per cent). 
Jet Electronics, Inc., 93 Mass. Ave., Boston, Mass. 


Paper Capacitors. ‘‘Troficaps’’ are designed for resistance to extreme 
humidity and to withstand severe mechanical and thermal shock and total 
immersion and are nonflammable. Bulletin 106. Micamold Radio Corp., 
1087 Flushing Ave., Brooklyn, N 


Low-Level D.C. Magnetic Amplifier. Type 806, will operate from input 
signals of 200 microwatts and will provide an output of 0.05 watt of reversible 
polarity to a 50-ohm load. Polytechnic Research & Development Co., Inc., 
55 Johnson St., Brooklyn, N.Y. 


UHF ‘‘Pencil” Triode Tubes. Featuring external cooling radiators, these 
tubes have application in air-borne transmitters at altitudes up to 60,000 ft. 
without pressurized chambers. RCA Victor Div., Radio Corp. of America, 
Camden, N. 


Microphone & Miniature Transistor Pre-Amplifier. A combination unit 
that provides improved speech intelligibility and reduces noise in radio voice 
communication. Remler Co. Ltd., San Francisco, Calif. 


Tape Resistors for Printed Circuits. Have a resistance range of 100 ohms to 
10 megohms. Sanders Assoc., Inc., 137 Canal St., Nashua, N.H. 


Encapsulated Wirewound Resistors. Cannot be broken by excessive flexure 
of the lugs, and the epoxy resin used in the resistors minimizes thermal 
distortion. Bulletin No. L-30. Shallcross Mfg. Co., Collingsdale, Pa. 


Ceramic Filter Capacitors. With an extended range to 30,000 volts d.c. 
Sprague Electric Co., 339 Marshall St., North Adams, Mass. 


RVP 7/8-In. Miniature Potentiometer. For applications where electrical and 
mechanical accuracies of precision potentiometers are required. Technology 
Instrument Corp., 531 Main St., Acton, Mass. 


Type MXT-1 Snap-Action Switch. Featuring a direct-acting hinged leaf 
actuator, this unit is suitable for use in cam.- or slide-operated controls. 
Unimax Switch Div., The W. L. Maxon Corp., 460 W. 34th St., New York 1, 
N.Y. 


Miniature Rectangular Connectors. VT series available with 7, 8, 14, 18, 20, 
21,34, and 41 contacts. Viking Electric, 1061 Ingraham St., Los Angeles 17, 
Calif. 


PRODUCTION & MAINTENANCE EQUIPMENT 


Dry Chemical Fire Extinguishers. Four-page descriptive folder. American- 
LaFrance-Foamite Corp., Elmira, N.Y. ‘ 


Automatic Wet-Blaster. Designed for the elimination of hand filing, grinding, 
wire brushing, and chemical cleaning of small metal parts. Cro-Plate Co., Inc., 
747 Windsor St., Hartford, Conn. 


“Line Effects from Photographs.”” Booklet describes techniques for convert- 
ing a continuous tone image into a line drawing by means of a new photo- 
graphic technique. Eastman Kodak Co., Rochester, N.Y. 


“Silent Sentry.” A sensitive device used to start and stop electrically driven 
mechanical devices and machines, sound alarms, etc. R. G. Genzlinger, 
Inc., Neshaminy, Pa. 

Flexible Rotary Grinding Wheel. Consists of hundreds of abrasive cloth 
leaves sealed to a hard core. Merit Products, Inc., 4023 Irving Pl., Culver 
City, Calif. 

Di-Acro Shears. eerie | 14-page booklet. O’Neil-Irwin Mfg. Co., 504 
Eighth Ave., Lake City, M: 

Industrial Hydraulic Controls. ‘anus descriptive bulletin No. 25. Pantex 
Mfg. Corp., Pawtucket, R. 

Chemical Sealants. ici to help provide airtight, leakproof assemblies 
under a variety of operating conditions. Descriptive ome available. 
Permatex Industrial Div., 1702-1720 Ave. Y, Brooklyn, N.Y. 

6- by 18-In. Reciprocating Table Surface Grinders. eamnaiin descriptive 
brochure. Reid Brothers Co., Inc., Beverly, Mass. 
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Small Laboratory & Production Rolling Mills. Eight-page descriptive booklet 
No. 121. Stanat Mfg. Co., Long Island City, N.Y. 


“Allcase’’ High Production Batch Furnace. Six-page illustrated bulletin No. 
SC-163. Surface Combustion Corp., Advertising Dept., Toledo 1, Ohio 


Three-Dimensional Hydraulic Tracer. This unit permits duplication of any 
unusually contoured aircraft part by tracing 360° in all directions. Bulletin 
A-6. True-Trace Sales Corp., 2303 Chico Ave., El Monte, Calif. 


“Koldwelding Tool.” For lap welding of aluminum sheet or foil without heat 
or electricity, and without flux or chemical. Utica Drop Forge & Tool Corp., 
2415 Whitesboro St., Utica 4, N.Y. 


RESEARCH & TEST EQUIPMENT 


Temperature-Altitude-Humidity Chamber. Automatically delivers sim- 
ulated altitudes up to 85,000 ft. and temperature as low as —85°F. Ameri- 
can Research Corp., Bristol, Conn. 


Whittemore Hand Strain Gage. For stress analysis of specimens and en- 
gineering structures. Descriptive bulletin No. 4207. Baldwin-Lima-Hamil- 
ton Corp., Philadelphia 42, Pa. 


‘Boscar’’ Data Reduction Machine. This unit permits rapid and accurate 
analysis of aerial gunnery photographs, boresight films, high-speed photo- 
graphs of take-off and landing test runs, etc. Benson-Lehner Corp., 2340 
BQ Sawtelle Blvd., W. Los Angeles 64, Calif. 

Ultrasonic Thickness Measuring Instruments. Four-page folder giving speci- 


fications and applications. Branson Instruments, Inc., 430 Fairfield Ave., 
Stamford, Conn. 


Precision Test Instruments. Sixteen-page catalog No. 106, describes dial 
indicators, test sets, depth gages, lens measures, and accessories. Dial In- 
dicator Co., 180 Wacker Dr., Chicago 6, Il. 


Cyclograph Testing Equipment for Sorting Metals. Sorts raw stock, semi- 
finished, or finished metal parts by their metallurgical characteristics. 
J. W. Dice Co., 1 Engle St., Englewood, N.J. 


Nondestructive Physical Testing and Measuring Instruments. Descriptive 
bulletin No. 32. J. W. Dice Co., 1 Engle St., Englewood, N.J. 

Resistance Temperature Detector. Model 166KC, designed primarily for 
service on sleeve bearing motors as an over-temperature detector. Thomas 
A. Edison, Inc., Instrument Div., West Orange, N 


Unit for Demonstrating Fluid Mechanics. An adjustable-blade, multistage, 
axial-flow fan with a cradled d.c. dynamometer. General Electric Co., 
Schenectady 5, N.Y. 


Ballistic Pendulum. Model AT-2 for the generation of single shock pulses of 
known acceleration. Gulton Mfg. Corp., Metuchen, N 


Blast.Gage. Model P-401 designed for evaluation of magnitude and wave 
shape of sharp transient air blasts produced by explosives or other means 
Gulton Mfg. Corp., Metuchen, N 


Decade Amplifier. Model F-408, a self-contained a.c, operated instrument 
designed for general laboratory use. Gulton Mfg. Corp., Metuchen, N.J. 


‘“‘Peravia’’ Recording Instruments. These Swiss-made units include tachom- 
eters, tachographs, motographs, altimeters, barographs, accelerometers, 
etc. The Matisa Equipment Corp., Instrument Div., 224 S. Michigan 
Blvd., Chicago 4, Ill. 


Hand Tachometer. A novel thumb-operated range selector automatically 
changes the scale numbers for each range. Metron Instrument Co., 432 
Lincoln St., Denver 3, Colo. 


Helium Attachment for X-Ray Spectrograph. Permits use of helium instead of 
air in the path of the X-ray beam, thus extending the useful spectrum range 
North American Philips Co., Inc., Research & Control Instruments Div., 
750 S. Fulton Ave., Mount Vernon, N.Y. 


“Research & Control Instruments—X-Ray and Analytical Equipment. 
Sixty-four page reference book. North American Philips Co., Inc., Research 
& Control Instruments Div., 750 S. Fulton Ave, Mt. Vernon, N.Y. 


Gear Analyzer. Permits visual observation of a magnified gear under sin 
ulated operating conditions. Optical Gaging Products, Inc., 26 Forbes St., 
Rochester 11, N.Y. 


Optical Pyrometer. Descriptive 8-page catalog No. 85. The Pyrometer 
Instrument Co., Inc., Bergenfield, N.J. 

Mercury Rectifier Power Drive. Converts alternating current to controlled 
d.c. variable voltage for application to adjustable speed drive equipment 
Reliance Electric & Engineering Co., 1088 Ivanhoe Rd., Cleveland 10, Ohio 


Multiple Cable & Wire Tester. For prestretching and proof-testing aircraft 
cable and other wire assemblies. Bulletin RE-9-53. Riehle Testing 
Machines Div., American Machine & Metals, Inc., East Moline, Ill. 

Electronic Controllers. For automatic production, quality control testing, 
and research programs. Tinius Olsen Testing Machine Co., 1004 Easton 
Rd., Willow Grove, Pa. 


Test Instruments. Aircraft temperature measuring system components and 
aircraft instrument testing devices. The Winslow Co., 9 Liberty St. 
Newark, N.J. 
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